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Equity in health services use is related to utilizing equal treatment for equal health needs, 
irrespective of socio-economic status. Inequity in maternal health services in low- and middle-income 
countries has become a central public health policy and research issue in recent years to achieve universal 
health coverage by 2030. The dissertation’s main objective was to examine how equity in maternal health 
services evolved in Bangladesh and to assess the roles of the facility readiness and the national health 
program on equity. 
In the first paper of the dissertation, we assessed if the socioeconomic equity improved more in 
high facility readiness districts than in the rest of the country by using data from three rounds of 
household sample surveys linked to health facility surveys during 2001‒2016. Our analyses documented 
impressive improvement in the overall use of maternal health services, but the increase was not uniform 
for all the population groups. Though there has been a modest but significant reduction in the inequity in 
antenatal care and treatment for complications, both the services are still used disproportionately more by 
women from higher wealth quintiles. On the other hand, the inequity in facility delivery significantly 
increased by 135% during the study period. The nonpoor-poor gap in the high facility readiness districts 
increased faster than the low readiness districts, resulting in a more inequitable distribution of facility 
delivery. 
The second paper of the dissertation estimated the impact of sector-wide approach (SWAp) for 
the health sector in Bangladesh on equitable coverage of skilled birth attendance (SBA) using a novel, 
data-driven impact evaluation technique known as synthetic control analysis (SCA). We used data from a 
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series of nationally representative surveys such as the Demographic and Health Survey (DHS) and the 
Multiple Indicator Cluster Survey (MICS), and widely accepted and used global sources such as the 
World Bank and the World Health Organization for Bangladesh and 16 potential control countries 
covering 1990–2017. The SCA optimization process selected three countries (Zimbabwe, Dominican 
Republic, and Haiti) to construct the synthetic control for Bangladesh (i.e., ‘Synthetic Bangladesh’) and 
resulted in a reasonable fitting for pre-SWAp trends for inequity in SBA use between Bangladesh and 
Synthetic Bangladesh. The inference procedures involving placebo test and bootstrap confidence intervals 
indicated a robust, statistically significant causal effect of the health SWAp on increasing SBA inequity in 
Bangladesh. 
To our knowledge, this is the first systematic investigation of the role of facility readiness on 
maternal health equity and statistical impact evaluation of health SWAp in Bangladesh. The empirical 
evidence and policy measures presented here provide a way forward to provide equitable care for safe 
delivery services. The policymakers and the program managers need to ensure the readiness of essential 
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CHAPTER 1: INTRODUCTION 
 
Background 
Equity in the use of health services is related to the opportunity of utilizing equal treatment for 
equal health needs, irrespective of socio-economic status [1]. While differences in health status are 
inherently linked with biological factors, health disparities in health status or access to services adversely 
affect groups who have systematically experienced social or economic obstacles, discrimination, or 
exclusion [2, 3]. Reducing inequity is not only a moral imperative but also can substantially improve health 
outcomes and has enormous economic benefits by cutting productivity losses and treatment costs [4–6]. 
Maternal health, in particular, is often considered as a litmus test of the status of women and the adequacy 
of the overall healthcare system in a country [7]. Improving maternal health status has been a priority within 
the global development agenda by expanding the coverage of four critical interventions with high quality: 
antenatal care (ANC) during pregnancy, delivery in a health facility, postnatal care (PNC), and management 
of pregnancy complications [8, 9]. Indicators of maternal mortality and coverage of maternal health services 
were a part of the United Nations Millennium Development Goals (MDGs) for 2015 and are now included 
in the Sustainable Development Goals (SDGs) for 2030 [10–12].  
Study Setting 
The country setting for this study is Bangladesh, a South Asian country having one of the highest 
population densities in the world, with nearly 167 million people living in a land size of 57,000 square miles 
[13]. Bangladesh moved from being ‘low-income’ to ‘lower-middle-income’ country status in 2014 due to 
rapid economic growth [14, 15]. By many metrics, Bangladesh’s development trajectory is a unique success 
story [16]—between 1990 and 2017, the poverty rate has fallen from 57% to 24%; gender parity has been 
achieved in primary and secondary school enrollment; life expectancy for females has increased from 56 to 
74 years [13]. Utilization of critical reproductive health services also increased steadily during this period—
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ANC from a skilled provider increased from 20% to 82%, the proportion of births delivered by a skilled 
birth attendant (SBA) increased from 9% to 53%, facility delivery increased from 4% to 50%, and during 
2004‒2017, PNC increased from 18% to 53% (see Figure 1) [17]. However, absolute inequity (i.e., the gap 
in service use between the poorest and the richest wealth quintiles) in the utilization of maternal health 
services has deteriorated over time. Except for ANC, the difference between the poorest and the richest 
quintiles increased for delivery by an SBA, facility delivery, and PNC [17].  
Figure 1. Trends in use of selected maternal health services, Bangladesh 1993–2018 
 
Following independence in 1971, international donors played a key role in supporting the 
Government of Bangladesh through financing a series of projects focused on health and family planning. 
In 1998, the government embarked on a sector-wide approach (SWAp) to deliver cost-effective and 
integrated health services, where one national program replaced 128 discrete projects in the health sector 
[18]. SWAp is a governance mechanism for coordinating the actions of the government and the donors to 
reduce duplication, lower transaction costs, increase equity and sustainability, and improve aid 
effectiveness [19]. This approach was developed in the early 1990s in response to widespread 
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dissatisfaction with fragmented donor-sponsored projects and prescriptive adjustment lending [20, 21]. A 
recent assessment indicated that the implementation of SWAp has contributed to an improvement in 
maternal health outcomes in Bangladesh over the last 15 years by increasing public financing for the 
health sector, achieving a better balance between policy and maternal health programs, and improving 
maternal health service provision at both primary- and secondary-level health facilities in the public 
sector in terms of availability of physicians, nurses and functional equipment [18]. The assessment also 
noted that systemic improvements in monitoring, procurement, and service provision during the SWAp 
period have resulted in increased utilization of maternal health services [18]. Yet, there exist research 
gaps on SWAp’s effect on inequity in maternal health, and no statistical impact evaluation of the health 
SWAp in Bangladesh has been carried out to date. 
Study Aims and Hypotheses 
As Bangladesh moves forward with the SDGs, the persistent inequity in the utilization of 
maternal health services in spite of a steady increase in the uptake of maternal health care services has 
become a central issue in recent years. This dissertation sought to examine the socio-economic inequity in 
maternal health services use during the period 2001‒2016 and to evaluate whether the SWAp was 
successful in reducing inequity. The following specific aims were addressed to accomplish the objectives 
of the doctoral dissertation: 
Aim 1: Examine how inequity in maternal health services use between the poor and the rich has evolved 
during the period 2001‒2016, and identify the effects of supply-side factors on inequity. 
Hypothesis for Aim 1: Between 2001 and 2016, inequity in the use of critical maternal health services 
(viz., ANC from a skilled provider, facility delivery, and management of complications during pregnancy 
or delivery) by socioeconomic status evolved differently by select supply-side dimensions in Bangladesh, 
viz., health facility readiness for maternal health services and availability of private sector facilities for 
maternity care. 
Aim 2: Evaluate the impact of health SWAp in Bangladesh on equity in skilled delivery care. 
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Hypothesis for Aim 2: SWAp has not improved equity by reducing the gap in the use of SBA between the 
poorest and the richest socioeconomic quintiles. 
Conceptual Framework  
The conceptual framework used for the dissertation was primarily based on the conceptual 
framework for the social determinants of health, which posited that understanding the determinants of 
health inequalities would help to identify potential solutions [22]. In order to focus on health systems 
characteristics that potentially act as barriers to and mediators of equitable health care, we linked the 
Centers for Disease Control and Prevention (CDC)’s ‘pathways from social determinants’ to the US 
Institute of Medicine (IOM)’s conceptual model on access to health care services [23, 24]. The IOM’s 
conceptual model resolves many conceptual problems in the definitions of equitable access to health care, 
which grouped socio-economic and health systems factors according to barriers (personal, structural, and 
financial) that cause underuse of services, and mediators (such as quality of provider skills) that impact 
health outcome and equity of services [25].  
Figure 2. The conceptual framework for the dissertation 
 
Based on the aforementioned pathway and conceptual frameworks, we adopted the conceptual 
framework (see Figure 2) for the dissertation to elaborate on how the social determinants affect the 
utilization of health services for improving equity in maternal health outcomes. The conceptual model 
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shows that social determinants of health broadly include both societal conditions and psychosocial 
factors, such as access to services, opportunities for employment, social network, and lifestyle. These 
determinants can affect individual and community health directly or indirectly (i.e., through their 
influence on health-promoting behaviors). Policies and other interventions influence the availability and 
distribution of these social determinants to different social groups, including those defined by socio-
economic status, race/ethnicity, demographic characteristics, and geographic location. Government’s 
health systems strengthening initiatives like SWAp influence these multiple interactions and the resulting 
health outcomes with the aim to achieve health equity through equitable distribution of health services for 
all population groups. For this study, we expanded on barriers and mediators that affect maternal health 
services utilization. At the individual level, beliefs about health and knowledge on maternal health danger 
signs may impact a woman’s ability and desire to seek maternal health care services. The availability of 
health services, transportation facilities, and financial resources also act as structural and financial barriers 
to use maternal health services, respectively.  
We also added mediators in the conceptual model between barriers and outcomes of care to 
include treatment provision and facility readiness to provide maternal health services. Based on data 
availability, we included variables to represent these social determinants, barriers, and mediation to 
examine their role in maternal health services use under Aim 1. Since the goal of the successive health 
SWAps in Bangladesh has been to extend a package of essential health services to the poor, including 
marginalized groups, to improve health equity [26], we discussed how the health system factors have 
performed during the SWAp period to explain the impact evaluation results under Aim 2. 
Structure of the Dissertation 
This dissertation has been structured following a two-paper format, whereby the results relating to 
each of the study aims were developed in the style of individual research papers to be submitted for 
publication in academic journals. Chapter 1 described the trends in maternal health services use in 
Bangladesh, study aims, and conceptual framework followed the dissertation.  
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The papers for the dissertation were presented in Chapters 2 and 3, each paper corresponding to a 
study aim outlined in Chapter 1. Chapter 2 presented research paper 1 titled ‘the role of facility readiness 
on equity in maternal health services use in Bangladesh.’ Chapter 3 presented research paper 2 titled 
‘impact of the sector-wide approach on equity in skilled delivery care in Bangladesh.’ This paper has 
been submitted to the Health Policy and Planning journal. 
Chapter 4 brought together the findings from the research papers to outline policy and 
programmatic recommendations. In this chapter, we discussed the methodological considerations and 











CHAPTER 2: THE ROLE OF FACILITY READINESS ON EQUITY IN MATERNAL HEALTH 
SERVICES USE IN BANGLADESH 
 
Background  
Equity in the use of health services is related to the opportunity of utilizing equal treatment for 
equal health needs, irrespective of socioeconomic status [1]. While differences in health status are partly 
linked with biological factors, health disparities in health status or access to services adversely affect 
groups who have systematically experienced social or economic obstacles, discrimination, or exclusion 
[2, 3]. Reducing inequity is not only a moral imperative but also can substantially improve health 
outcomes and has enormous economic benefits by cutting productivity losses and treatment costs [4–6]. 
Maternal health, in particular, is often considered as a litmus test of the status of women and the adequacy 
of the overall healthcare system in a country [7]. Improving maternal health status has been a priority 
within the global development agenda by expanding the coverage of four critical interventions with high 
quality: antenatal care (ANC) during pregnancy, delivery in a health facility, postnatal care (PNC), and 
management of pregnancy complications [8, 9]. Indicators of maternal mortality and coverage of maternal 
health services were a part of the United Nations Millennium Development Goals (MDGs) for 2015 and 
are now included in the Sustainable Development Goals (SDGs) for 2030 [10–12]. Equity is also widely 
accepted by the medical professions as a fundamental element of quality, and providing equitable care is a 
priority for most national healthcare systems [27]. 
Globally, low- and middle-income countries account for almost all of the pregnancy-related 
mortalities that are largely preventable through adequate utilization and availability of high-quality 
maternal health care services. A widening socioeconomic gradient hinders the access to and utilization of 
quality maternal health services [28]. Efforts during the MDG period (i.e., 2000‒2015) resulted in 
unprecedented declines in maternal mortality rates and notable increases in maternal health services use. 
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However, post-MDGs estimation revealed that the progress remains largely inequitable [29, 30]. In 
particular, equitable maternal health care utilization has become a growing concern for low- and middle-
income countries for achieving the SDGs [28, 31].  
Following a 40% reduction in maternal mortality ratio (MMR) between 2001 and 2010, 
Bangladesh was considered as one of only nine countries that were on track to achieve the MDG 5 target 
by 2015 [32]. However, a recent survey found that the decline in MMR stagnated between 2010 and 2015 
despite increases in maternal health services use (viz., ANC, facility delivery, PNC, medical care-seeking 
for management of pregnancy complications) as well as an overall socio-economic improvement [33]. 
Since improving equity in maternal health service use can improve maternal health and reduce maternal 
mortality [34–38], the Government of Bangladesh has focused on expanding the provision of maternal 
health services at health facilities through national health sector programs [39–41]. Since 1998, 
Bangladesh has implemented four consecutive health sector programs and made substantial progress in 
health systems strengthening that improved functionality of health facilities to provide essential care [18]. 
Bangladesh, therefore, makes an interesting case study to examine how the socioeconomic inequity in 
maternal health services use has evolved since 2001 and investigate the role of health facility readiness on 
this evolution during the period 2001‒2016.  
Bangladesh is a South Asian country having one of the highest population densities (2,922 
persons per square mile) in the world, with nearly 167 million people living in a land size of 57,000 
square miles [13]. Bangladesh moved from being ‘low-income’ to ‘lower-middle-income’ country status 
in 2014 due to rapid economic growth [14, 15]. By many metrics, Bangladesh’s development trajectory is 
a unique success story [16]—between 1990 and 2019, the poverty rate has fallen from 57% to 21%; 
gender parity has been achieved in primary and secondary school enrollment; life expectancy for females 
has surpassed that for males and increased from 56 to 74 years, and the total fertility rate has approached 





Figure 3. Trends in inequity (percentage point gap between the poorest and the richest wealth 
quintiles) in the use of selected maternal health services, Bangladesh 1993–2018 
 
Source: Bangladesh Demographic and Health Surveys, multiple rounds 
Utilization of critical reproductive health services also increased steadily during this period—
ANC from a medically-trained provider increased from 20% to 82%, the proportion of births delivered by 
a skilled birth attendant (SBA) increased from 9% to 53%, facility delivery increased from 4% to 50%, 
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and PNC increased from 18% to 53% during 2004‒2018 [17]. However, the gap in service use between 
the poorest and the richest wealth quintiles in the utilization of maternal health services has deteriorated 
over time. For ANC, the difference between the poorest and the richest quintiles increased from 40 to 54 
percentage points between 1993 and 2014 and reduced only after 2014 (see Figure 3-a). For delivery by 
an SBA, the difference between the poorest and the richest quintiles increased from 26 to 55 percentage 
points between 1993 and 2018 (see Figure 3-b). For facility delivery, the difference between the poorest 
and the richest quintiles was 16 percentage points in 1993, which increased to 52 percentage points in 
2018 (see Figure 3-c). For the years where data are available for PNC (i.e., 2004‒2018, see Figure 3-d), 
the difference between the poorest and the richest quintiles increased from 42 to 56 percentage points as 
well [17].  
Inequity is observed outside the health sector as well. The human development index (HDI), for 
example, reflects Bangladesh’s socio-economic development. Between 1990 and 2019, the HDI value for 
Bangladesh has improved by 60%. It currently is at 0.632—which is in the medium human development 
category—positioning the country at 133 out of 189 countries and territories [42]. However, if we adjust 
for inequality (see technical notes on calculating the inequality-adjusted HDIs for methodological details) 
[43], Bangladesh’s HDI falls to 0.478 for 2019—a loss of 24% due to the disparity in the distribution of 
the HDI dimensions (i.e., life expectancy, education, and per capita income) [42]. While the persistent 
socioeconomic disparity in Bangladesh could be a possible explanation of the observed gap in maternal 
health services use between the poorest and the richest quintiles, there is no systematic assessment of 
health systems determinants of maternal health services use. Available studies either focused on levels 
and trends in inequity in maternal health in Bangladesh [44–51], or the impact of specific health programs 
on inequity in maternal health services use [52–56], or were based on small geographic regions [52–56]. 
Studies on levels and trends in maternal health inequity were all analyzed data from household sample 
surveys, which only allowed examination of ‘demand-side’ factors of maternal health services use. These 
studies found that socioeconomic (viz., poor-rich) and geographic (viz., urban-rural) disparities continued 
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to exist over the years [44–47, 49–51], and women’s education, religion, wealth index, and region are 
important demand-side factors of seeking maternal health services in Bangladesh [48, 49].  
In this paper, we primarily aimed to understand the role of supply-side factors, such as facility 
readiness, of maternal health services use to fill a crucial knowledge gap. For this study, we hypothesize 
that gradual improvement in overall socioeconomic status and the government’s health systems 
strengthening initiatives were associated with changes in equity in maternal health care use during the 
study period. Against this background, the objective of our study was to examine the role of 
socioeconomic status and select supply-side factors (viz., the readiness of health facilities and availability 
of private sector facilities) during this period, after controlling for relevant socio-demographic factors of 
maternal health services use. More specifically, we would like to assess if the socioeconomic equity 
improved more in high facility readiness districts than in the rest of the country.  
Methods 
Data sources 
We used data from several rounds of the Bangladesh Maternal Mortality and Health Care Surveys 
(BMMS) and Bangladesh Health Facility Surveys (BHFS)/Service Provision Assessment (SPA) to 
examine the effect of supply-side factors on inequity in the selected maternal health services (i.e., ANC 
from a medically-trained provider, facility delivery, and management of delivery complications) for the 
period 2001–2016. The BMMSs were designed to assess the maternal health situation of the country and 
to provide national estimates of MMR. These surveys were large—covering about 100,000 households in 
2001, 174,000 households in 2010, and 298,000 households in 2016—and nationally representative using 
a three-stage sampling design (details of the sampling methodology can be found from the BMMS final 
reports) [33, 57, 58]. All three rounds of the BMMS are comparable and obtained information about 
selected background characteristics of the sampled respondents, a full birth history, several indicators of 
maternal healthcare-seeking behavior, and intervention coverage of selected maternal health services. For 
the analyses, ever-married women aged 13–49 years who had a live birth in the last three years and were 
administered a long questionnaire (i.e., detailed information about their last childbirth, such as ANC, 
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delivery, and pregnancy complications collected) in BMMS were selected. In 2001, information from all 
the sampled respondents was collected using the long questionnaire, whereas information from randomly 
selected one-third of the sampled respondents in 2010 and 2016 was collected using the long 
questionnaire.  
The first round of Bangladesh SPA (1999–2000) surveyed 855 primary level health facilities (i.e., 
Upazila health complexes—UHC, union health and family welfare centers—UHFWCs, rural 
dispensaries—RDs, and clinics) operated by the government and by non-governmental organizations 
(NGO), to obtain a nationally representative sample of health and family planning facilities as well as 
providers offering reproductive and child health services [59]. The 2011 round of BHFS collected 
information from a nationally representative random sample of 1,503 primary and secondary level health 
facilities (i.e., District hospitals—DH, UHC, maternal and child welfare centers—MCWC, UHFWCs, 
union sub-centers/rural dispensaries—USC, community clinics—CC, and NGO/private clinics) on service 
provision and readiness of selected reproductive and child health services [60]. The 2017 round of BHFS 
also collected information from a nationally representative random sample of 1,524 primary- and 
secondary-level health facilities (DH, UHC, MCWC, UHFWCs, USC/RD, CC, NGO clinics, and private 
hospitals) on service provision and readiness of maternal, newborn, and child health; family planning; 
selected non-communicable diseases; and tuberculosis [61]. 
Variables 
As outcomes, this study focuses on three dichotomous variables on maternal health services—
ANC visits from a medically trained provider during pregnancy, delivery in a health facility, and medical 
care-seeking for management of pregnancy and/or delivery complications. A summary of the variables 







Table 1. Summary of variables for analysis 
Classification Domain Variables Definition Coding 
Outcome Maternal 
health services 
Antenatal care Woman sought at least one 
ANC from a medically trained 
provider 
Dichotomous 
  Facility delivery 
 




  Management of 
complications 
Woman with a complication 
during pregnancy/delivery 







Household wealth Socioeconomic status based on 
household assets and amenities  
Categorical/ 
Dichotomous 
 Maternal education Completed years of schooling Categorical 
 Rurality Current place of residence Dichotomous 
Demographic Mother’s age Age in years at birth of the 
index child 
Categorical 
Parity Birth order of the index child Categorical 
Supply-side 
predictors 
Structural Facility readiness District average of facility 




  Access to health 
facility 
Closest health facility (public 
and private separately) that 
provides maternal health 




For this analysis, socioeconomic status was based on the wealth index, which is a composite 
measure of the household’s ownership of selected durable assets and dwelling characteristics. Households 
were given scores based on assets and amenities available in the household (e.g., assets like television to a 
bicycle or car, and housing characteristics such as the source of drinking water, toilet facilities, and 
flooring materials), derived from a principal component analysis [62]. Subsequently, a wealth index was 
created by assigning the household score to each respondent in the household and then dividing the 
distribution into five equal categories (i.e., quintiles) [17]. For estimating the concentration indices and 
examining the factors affecting maternal health services use, we used the wealth quintiles (viz., poorest, 
second, middle, fourth, and richest) but for the multivariate regression analysis to estimate the differential 
effect of socioeconomic status and facility readiness on maternal health services use, we used poor 
(comprising the two lowest wealth quintiles) and nonpoor (comprising the remaining three higher wealth 
quintiles) categories for interpreting the regression results in an understandable way. In a lower-middle-
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income country like Bangladesh, the households in the two lowest wealth quintiles are considered as the 
poor [63]. 
Facility readiness to provide delivery care focused on the physical attributes of a health facility, 
including infrastructure, equipment, supplies, and commodities. It measures facility readiness with a 
composite score computed with a set of readiness indicators of obstetric and newborn care (see Appendix 
1 for indicator domains and definitions). Indicator selection was guided by data availability in BHFS/SPA 
and three references: World Health Organization’s (WHO) Service Availability and Readiness 
Assessment (SARA) manual, Newborn Indicator Technical Working Group’s recommendation, and a 
recent comprehensive systematic review [64–66]. We calculated the composite readiness score using an 
equal-weight approach, as suggested in a recent study, to be the most efficient weighing scheme to create 
a composite measurement [67]. Equal weight was given to all indicators, and the sum was standardized to 
have a maximum of 1 (i.e., to represent 100%). Given this standardization, a facility’s score is interpreted 
as the percentage of the highest possible readiness that the facility could have [67].  
Since the BHFS/SPA and BMMS surveys were sampled independently, linking readiness of 
health facilities to surveyed households at the sampled cluster level was not possible. Instead, we linked 
facilities and households at the lowest possible geographic unit, which is at the district level. For linking 
facility readiness with household survey, district averages of facility readiness score were created and 
merged to pooled BMMS dataset of eligible women based on districts (the means of the district averages 
of facility readiness were 0.544 for 2001, 0.341 for 2010, and 0.322 for 2016 BMMS rounds). 
Subsequently, a facility readiness index was created by assigning the average district score to each 
respondent in the district and then dividing the distribution into three equal categories (i.e., terciles). For 
examining the factors affecting maternal health services use, we used the readiness terciles (viz., low, 
medium, and high), but for the multivariate regression analysis to estimate the differential effect of 
socioeconomic status and facility readiness on maternal health services use, we used low (comprising the 
two lowest readiness terciles) and high (comprising the high readiness tercile) categories for interpreting 




Maternal health services considered in this analysis are the basic needs for all women giving birth 
in order to ensure the health of the mother and the newborn [68]. Thus, any inequality in the use of these 
can be considered as a horizontal inequity, which is defined as unequal use of services for equal need 
[69]. Socioeconomic disparities in maternal health services use in Bangladesh over time were measured 
by concentration indices, where the index value is bounded between ‒1 to +1. Zero value of the 
concentration index indicates perfect equality, but if the index value gets closer to +1, the 
disproportionate concentration of the outcome variable (i.e., use of maternal health services in this 
analysis) among the better-off increases and vice-versa. Since our outcome variables are dichotomous, the 
standard concentration index may not always be within the [‒1, 1] interval. For this reason, we did not 
produce the concentration curves, which are relative in nature and hence are only useful for variables with 
ratio-scale properties. We used Stata’s “conindex” command to estimate the inequality by incorporating 
Erreygers transformations, which corrects the deficiency for binary indicator variables by modifying the 
generalized concentration index [70]. Due to the modification, the transformed concentration index 
performs superior to the standard index when applied to binary outcomes. The transformed concentration 
index also satisfies four key requirements (transfer, level independence, cardinal invariance, and mirror) 
and has maximum bounds within the [‒1, 1] interval [71].  
To examine the role of supply-side factors of maternal health services use during 2001‒2016, we 
used linear probability models (LPM) with the following regression specification:  
                    𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑄𝑄𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖    ……. (1) 
where, 𝑌𝑌𝑖𝑖𝑖𝑖 is the outcome of interest for individual i who lives in district j. 𝑃𝑃𝑖𝑖𝑖𝑖 is a vector of structural 
covariates (time to reach the nearest public and private health facilities, facility readiness), 𝑄𝑄𝑖𝑖𝑖𝑖 is a vector 
of socio-economic covariates (household wealth quintiles, maternal educational attainment, and rurality), 
and 𝑅𝑅𝑖𝑖𝑖𝑖 is a vector of demographic covariates (viz., mother’s age, parity) that may influence the use of 
maternal health services by the sampled respondents. To assess whether changes in the LPM regression 
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coefficients of selected variables were significant over time, we ran equation (1) for each round of BMMS 
linked to corresponding to BHFS/SPA separately and then used Stata’s ‘seemingly unrelated estimation 
(SUEST)’ post-estimation command to compare the LPM coefficients across rounds. This command 
calculated Huber/White/sandwich estimates of the standard errors that were heteroskedasticity consistent 
and took into account the stratification and clustering in the BMMS data [72].  
To examine the differential effect of service readiness on the equity in service use between rich 
and poor during 2001‒2016 (more specifically, if the socioeconomic equity improved more in districts 
with high facility readiness than in the other districts), we applied an adaptation of the Difference-in-
Differences (DID) model. For this, we used LPM on a pooled dataset of 2001, 2010, and 2016 BMMSs 
linked to corresponding BHFS/SPA with the following regression specification:  
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽3𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 
                                                 +𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽8𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖    ……. (2) 
where, 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 is the outcome of interest for individual i who lives in district j at time t.  𝑆𝑆𝑖𝑖𝑖𝑖 takes the value of 
1 if the woman i belongs to nonpoor socioeconomic status (i.e., household wealth quintiles 3‒5) and 0 if 
she belongs to poor socioeconomic status (i.e., household wealth quintiles 1 and 2). 𝑇𝑇𝑖𝑖 is a vector of time 
dummies to represent the BMMS survey rounds 2010 and 2016. 𝑍𝑍 is an indicator variable that takes the 
value of 1 if the woman i lives in a district with high facility readiness (i.e., facility readiness tercile 3) 
and 0 if the individual lives in a district with low facility readiness for maternal health services (i.e., 
readiness terciles 1 and 2). 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 are the relevant socio-demographic covariates influencing the outcomes. 
In equation (2),  𝛽𝛽3 measures the change in socioeconomic equity which occurred during the 
study period with low facility readiness, and (𝛽𝛽3 + 𝛽𝛽7) measures the change in socioeconomic equity in 
districts with high facility readiness (coefficients were combined using “lincom” command in Stata). 
Finally, 𝛽𝛽7 indicates whether the equity changed more in districts with high facility readiness relative to 
districts with low facility readiness for maternal health services, after controlling for the relevant 
covariates, during the study period (see Appendix 2 for a detailed description on how the LPM 
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coefficients were identified to measure equity). All the analyses were performed using STATA v.16 [73]. 
We used appropriate sampling weights and controlled for clustering and heteroscedasticity to obtain 
robust standard errors. 
Results 
Respondent’s characteristics 
Between 2001 and 2016, there were notable increases in urbanization, women’s educational 
attainment, and availability of health facilities in Bangladesh (see Table 2). In particular, there was a 
massive growth in the private health sector during this period—only 17% of the recent mothers lived 
within one hour of travel from a private health facility in 2001, which increased to 84% in 2016. Fertility 




Table 2. Distribution (%) of demographic, socioeconomic, and structural characteristics among 
ever-married women who gave birth in the last three years, Bangladesh 2001‒2016 
Background characteristics Year 2001 2010 2016 
Woman’s age at birth 
<18 10.0 5.1 12.2 
18-24 43.3 48.6 49.0 
25-29 22.8 26.2 23.9 
30-34 14.3 12.8 11.2 
35-39 6.8 5.4 3.1 
40-49 2.8 1.9 0.7 
Parity 
1 26.5 32.1 38.5 
2‒3 43.2 47.8 49.7 
4+ 30.3 20.1 11.9 
Locality 
Urban  17.3 23.0 26.5 
Rural 82.7 77.0 73.5 
Women’s education 
No schooling 46.2 23.9 9.6 
Any primary 29.2 31.5 29.5 
Secondary incomplete 17.8 34.5 40.8 
Secondary complete or higher 6.7 10.2 20.2 
Household’s socioeconomic status 
Poorest 25.0 22.4 20.1 
Second 21.9 19.7 20.3 
Middle 19.0 20.1 19.7 
Fourth 17.6 18.9 20.6 
Richest 16.5 18.8 19.3 
Time to reach the nearest public health facility 
>1 hour 29.5 11.7 10.0 
<1 hour 70.6 88.3 90.1 
Time to reach the nearest private health facility 
>1 hour 82.7 31.9 16.2 
<1 hour 17.3 68.1 83.8 
Facility readiness for maternal health services (district-level) 
Low 36.8 32.6 31.7 
Medium 31.3 34.8 31.8 
High 31.9 32.6 36.5 
Observations 39,525  18,256  27,188  
 
Trends in maternal health services use during 2001‒2016 
Overall, the use of ANC by a medically trained provider increased from 41% in 2001 to 54% in 
2010 to 74% in 2016. During this same period, the proportion of births delivered at a health facility 
increased from 9% to 24% to 48%. Nearly half of the women who had a live birth in the last three years 
reported any complications during pregnancy or delivery (44% in 2001 and 50% in 2010 and 2016), and 
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among them, treatment of delivery/pregnancy complications from a medically trained provider increased 
from 23% to 36% to 51%. All the maternal health services considered in this analysis show a statistically 
significant (p<0.05) increase in utilization over the survey rounds. However, the use of maternal health 
services by socioeconomic status showed that the increases in maternal health services use had not been 
uniform for all the socioeconomic groups.  
Figure 4. Trends in maternal health services use by socioeconomic status, Bangladesh 2001‒2016 
 
Figure 4 presents equiplots1 of maternal health services use by wealth quintiles for Bangladesh 
during the study period. Equiplot allows comparing a health outcome metric across wealth quintiles over 
time so that it is possible to see both the level of the metric in each group and the distance between 
groups, which represents the absolute inequity. Upon visual inspection, Figure 4 demonstrated only a 
modest decrease in the gap between the poorest and the richest quintiles for ANC and treatment of 
 
1 The International Center for Equity in Health has proposed this visual form to communicate equity data to health professionals, 
health managers and policy makers, and the general public; available from: www.equidade.org/equiplot.php 
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delivery complications, but a notable increase in the gap between the poorest and the richest wealth 
quintiles for facility delivery. In 2016, for women from the richest quintile, 93% received ANC from a 
skilled provider, 76% delivered at a health facility, and 66% sought treatment for delivery complications. 
For women from the poorest quintile, the levels of service use were much lower—only 51%, 23%, and 
36%, respectively. 
We also created equiplots of the use of maternal health services by health facility readiness 
during the study period, which showed no discernable pattern (see Figure 5). In 2016, the highest level of 
service use can be seen among the women living in the districts with a medium facility readiness.  
Figure 5. Trends in maternal health services use by health facility readiness, Bangladesh 2001‒2016 
 
Changes in the factors affecting maternal health services use during 2001‒2016 
To examine the roles of socioeconomic status and supply-side factors affecting maternal health 
services in 2001, 2010, and 2016, we ran LPM separately for each survey round, and then we used 
SUEST analysis to assess whether the changes in LPM coefficients across rounds were statistically 
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significant. This analysis presents simultaneous results across the survey rounds—if the LPM coefficient 
of a determinant does not differ between the two survey rounds, we would expect that the p-value of the F 
statistic from the adjusted Wald test would be >0.05. After controlling for relevant covariates, we 
observed a clear socioeconomic gradient for maternal health services use—compared to the poorest 
wealth quintile, the probability of receiving ANC, facility delivery, and treatment of delivery 
complications increased secularly for the higher socioeconomic status for all the survey rounds. The 
probability of facility delivery significantly increased between 2001 and 2016 among the women from all 
the higher wealth quintiles compared with the poorest quintile (p<0.001). For ANC services, the 
probability significantly increased between 2001 and 2016 for the women from second‒fourth quintiles 
(p<0.001). For the treatment of complications, the probability significantly increased between 2001 and 
2016 for the women from the middle and the fourth quintiles only (p<0.05). 
In 2001, women living within 1 hour of travel to the nearest public health facilities had a 
significantly higher probability of maternal health services use compared to the women living further 
away, after controlling for relevant covariates. By 2016, the gap in service use by distance to the public 
facility no longer existed for ANC and treatment of delivery complications. Only for facility delivery, 
women living within one hour to public facilities had a 4% higher probability than women living more 
than an hour to their nearest public facilities (p<0.05). Between 2001 and 2016, the LPM coefficients for 
distance to public health facility did not change significantly for any of the maternal health services 
considered in this study. The role of distance to the private health sector was found not to be associated 
with maternal health services use in 2001. In 2016, however, the probability of receiving ANC, facility 
delivery, and treatment of delivery complications among women living within 1-hour distance to the 
nearest private health facility were 4%, 8%, and 5% higher, respectively, than the women living more 
than an hour’s distance from the nearest private health facility (p<0.05). Between 2001 and 2016, the 
probability of facility delivery for women living within 1 hour of travel to the nearest public health 
facilities increased significantly (p<0.001). After controlling for relevant covariates, our multivariable 
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LPM found no statistically significant association between the district average of facility readiness and 
the probability of receiving maternal health services. Detailed outputs are provided in Appendix 3. 
Changes in equity in service use by socioeconomic status 
By examining the concentration indices for 2001, 2010, and 2016, we can see that inequity in 
maternal health services use continued to favor the better off in Bangladesh during the study period—i.e., 
services were used disproportionately more by women belonging to higher wealth quintiles than their 
counterparts (see Table 3). There were clear indications that inequities in ANC and treatment for 
delivery/pregnancy complications have reduced significantly (p<0.001) over the years. However, the 
concentration index values increased by 135% between 2001 and 2016 for delivery at a health facility, 
which indicated a statistically significant (p<0.001) increase in socioeconomic inequity in service use. 
Table 3. Concentration indices for maternal health services use by socioeconomic status, 
Bangladesh 2001‒2016 
Year Concentration Index (CI) 
95% Confidence 
Interval 
% change in CI F-statistic ‘01‒‘10 ‘10‒‘16 ‘01‒‘16 
ANC from a medically trained provider 
2001 0.385 0.354‒0.416 
6% ‒21% ‒16% 26.68** 2010 0.406 0.383‒0.430 
2016 0.322 0.297‒0.347 
Delivery at a health facility 
2001 0.173 0.138‒0.207 
99% 18% 135% 843.46** 2010 0.343 0.322‒0.364 
2016 0.405 0.383‒0.428 
Treatment of delivery complications 
2001 0.253 0.225‒0.281 
11% ‒21% ‒12% 7.45** 2010 0.280 0.251‒0.309 
2016 0.222 0.195‒0.250 
Note 1: F-statistic from the test for statistically significant differences with H0: Difference of CI between years = 0 
Note 2: ** p<0.001; * p<0.05;  † p<0.10 denote significance level of the F-statistic 
 
Differential effect of facility readiness on equity in maternal health services use  
Figure 6 shows the socioeconomic inequity, measured as the percentage point gap in maternal 
health services use among the nonpoor and the poor, by facility readiness during the study period. 
Between 2001 and 2016, socioeconomic inequity for ANC remained similar in low readiness districts (see 
points A‒C in Figure 6-a) and increased by 1.9 percentage points in high readiness districts (see points 
D‒F in Figure 6-a). The DID model estimated that the gap between poor and nonpoor increased by 1.8 
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percentage points between low and high facility readiness areas during this period, which is the 
difference-in-difference-in-difference (DIDID) estimate (see the coefficient of ‘Nonpoor×High×2016’ 
under the column for ANC in Table 4). Since the DIDID estimate was not statistically significant, we 
conclude that differential effects of socioeconomic status and facility readiness on ANC use were 
negligible between 2001 and 2016.  
Figure 6: LPM coefficients (95% confidence intervals) showing changes in socioeconomic inequity 
in maternal health services use by facility readiness 
 
Note: LPM coefficients from Table 4 corresponding to the data points are as follows: A = Nonpoor; B = Nonpoor + 
Nonpoor×2010; C = Nonpoor + Nonpoor×2016; D = Nonpoor + Nonpoor×High; E = Nonpoor + Nonpoor×2010 + 
Nonpoor×High + Nonpoor×High×2010; and F = Nonpoor + Nonpoor×2016 + Nonpoor×High + Nonpoor×High×2016 
 
For facility delivery, socioeconomic inequity increased by 15.2 percentage points in low 
readiness districts and by 21.7 percentage points in high readiness districts (see points A‒C and D‒F in 
Figure 6-b, respectively) between 2001 and 2016. The DID model estimated that the gap between poor 
and nonpoor increased by 6.5 percentage points between low and high facility readiness areas during this 
period, which is the DIDID estimate (see the coefficient of ‘Nonpoor×High×2016’ under the column for 
facility delivery in Table 4). As these DID and DIDID estimates are statistically significant at p<0.05, 
socioeconomic inequity increased in both low and high readiness districts but faster in the high readiness 
districts during the study period, resulting in a more inequitable distribution of facility delivery services. 
For the treatment of complications, the DID and DIDID estimates were also not statistically significant, 
indicating negligible differential effects of facility readiness on equity in the treatment of complications.  
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Table 4. Differential effects of facility readiness on socioeconomic equity, Bangladesh 2001‒2016 
Background Characteristics Skilled ANC  Facility delivery  
Complication 
treatment  
Woman’s age at birth (reference category: <18 years) 
      18-24 0.038** 0.035** 0.054** 
      25-29 0.085** 0.091** 0.108** 
      30-34 0.112** 0.126** 0.141** 
      35-39 0.088** 0.134** 0.159** 
      40-49 0.078** 0.135** 0.166** 
Parity (reference category: 1) 
      2-3 -0.073** -0.098** -0.063** 
      4 or more -0.161** -0.170** -0.101** 
Place of residence (reference category: urban) 
      Rural -0.076** -0.081** -0.059** 
Women’s education (reference category: no schooling) 
      Any primary 0.096** 0.016** 0.060** 
      Secondary incomplete 0.230** 0.114** 0.163** 
      Secondary complete or higher 0.346** 0.318** 0.280** 
Time to reach public health facility (reference category: >1 hour) 
      <1 hour 0.060** 0.024** 0.038** 
Time to reach private health facility (reference category: >1 hour) 
      <1 hour 0.026* 0.035** 0.022* 
Facility readiness (reference category: low readiness) 
      High readiness -0.016 -0.004 -0.003 
Socioeconomic status (reference category: poor) 
      Nonpoor 0.147** 0.014* 0.088** 
Survey round (reference category: 2001) 
      2010 0.011 0.009 0.035* 
      2016 0.170** 0.185** 0.174** 
Interaction between socioeconomic status and survey round 
      Nonpoor×2010 0.015 0.101** 0.028 
      Nonpoor×2016 0.001 0.152** -0.016 
Interaction between facility readiness and survey round 
      High readiness×2010 -0.003 0.020 -0.001 
      High readiness×2016 0.004 -0.056* -0.048* 
Interaction between socioeconomic status and facility readiness 
      Nonpoor×High readiness -0.024 -0.004 -0.021 
Interaction of socioeconomic status, facility readiness, and survey round 
      Nonpoor×High x 2010 0.041 0.022 0.016 
      Nonpoor×High x 2016 0.018 0.065* 0.043 
Constant 0.281** 0.105** 0.117** 
Nonpoor×2010 + Nonpoor×High×2010 0.056* 0.123** 0.043 
Nonpoor×2016 + Nonpoor×High×2016 0.019 0.217** 0.027 
Nonpoor + Nonpoor×2010 0.161** 0.115** 0.116** 
Nonpoor + Nonpoor×2016 0.148** 0.166** 0.072** 
Nonpoor + Nonpoor×High 0.123** 0.010 0.067** 
Nonpoor+Nonpoor×2010+Nonpoor×High+Nonpoor×High×2010 0.179** 0.133** 0.112** 
Nonpoor+Nonpoor×2016+Nonpoor×High+Nonpoor×High×2016 0.141** 0.227** 0.095** 
 Note: ** p<0.001; * p<0.05;  † p<0.10 
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Differential effect of access to private facility on equity in maternal health services use  
From the respondent’s characteristics and the factors affecting maternal health services use, we 
observed that the availability of private health facilities had a statistically significant association with the 
use of maternal health services in 2016. For this reason, we tested for the differential effects of 
socioeconomic status and proximity of private health facility on maternal health services use after 
controlling for all the other relevant covariates, including facility readiness (see Figure 7). We found that 
for ANC, socioeconomic inequity increased by 5.1 percentage points in areas more than an hour away 
from private facilities (see points A‒C in Figure 7-a) but decreased by 1.2 percentage points in the areas 
closer to private facilities during the study period (see points D‒F in Figure 7-a). The DID model also 
estimated that socioeconomic inequity decreased by 6.3 percentage points between the areas with >1-hour 
and <1-hour distance from private facilities during this period, and this DIDID estimate was statistically 
significant at p<0.05 (see the coefficient of ‘Nonpoor×<1 hour×2016’ under the column for ANC in 
Appendix 4). We, therefore, conclude that ANC became more equitable between 2001 and 2016 among 
the women living <1 hour from a private facility. 
Figure 7: LPM coefficients (95% confidence intervals) showing changes in socioeconomic inequity 
in maternal health services use by distance to private facilities 
 
Note: LPM coefficients from the table in Appendix 4 corresponding to the data points are as follows: A = Nonpoor; B = Nonpoor 
+ Nonpoor×2010; C = Nonpoor + Nonpoor×2016; D = Nonpoor + Nonpoor×< 1hour; E = Nonpoor + Nonpoor×2010 + 





For facility delivery, we can see from Figure 7-b that socioeconomic inequity increased similarly 
in both areas with >1-hour and <1-hour distance to private facilities (see Figure 7-b) and the estimated 
DIDID was not statistically significant (see the coefficient of ‘Nonpoor×<1 hour×2016’ under the column 
for facility delivery in Appendix 4). For the treatment of delivery complications, socioeconomic inequity 
slightly decreased in both the areas (see Figure 7-c), and the DID and DIDID estimates were statistically 
significant. 
We also tested for the differential effects of both the proximity of private health facility and 
facility readiness on socioeconomic equity of maternal health services use after controlling for the 
relevant covariates. We found that the difference in the changes in socioeconomic inequity between the 
areas with >1-hour and <1-hour distance to private facilities after considering facility readiness remained 
not statistically significant for any of the maternal health services. See Appendix 5 for a detailed 
description of how the LPM coefficients were identified to measure equity and the results of the 
regression models. 
Discussion 
This study roughly covers the period 1998‒2016 to analyze how the use of key maternal health 
services has changed over time, focusing on equitable distribution in service use. During this period, the 
overall use of ANC, facility delivery, and treatment of delivery complications services increased steadily 
in Bangladesh. This finding is in line with the national health sector program evaluations and other 
studies [74–77]. Our analysis, however, indicated that the increase in uptake of key maternal health 
services had not been uniform for all the population groups. This study provides evidence that though 
there has been a modest but significant reduction (by 16% and 12%, respectively) in the concentration 
indices in the use of ANC and treatment for delivery complication services over time, both the services 
are still used disproportionately more by women belonging to higher wealth quintiles than their poorer 
counterparts. On the other hand, the concentration indices in the use of facility delivery significantly 
increased by 135% during the study period. Other studies also found similar findings for the inequity in 
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facility delivery for Bangladesh and other low- and middle-income countries in Asia and Africa [46, 47, 
78–84]. 
A study on 74 low- and middle-income countries postulated that higher education and greater 
political commitment (measured as the government’s spending on health) were significantly associated 
with higher equity of reproductive and maternal health services use [78]. Most births in Bangladesh now 
take place among women in their 20s, where the largest improvement in years of schooling have taken 
place—between 2001 and 2017/18, the proportion of ever-married women of reproductive age having at 
least some secondary schooling more than doubled from 25% to 52%, and the proportion with no 
schooling declined from 47% to 17% [17, 58]. This change has crucial implications for negotiating power 
within the family, for birth planning, for levels of awareness of maternal complications, for the potential 
to respond effectively to maternal complications, and for the ability to navigate the healthcare system 
[32]. With the initiation of the first sector-wide approach (SWAp) for the health sector in Bangladesh in 
1998, there has been a considerable increase in the availability of, and access to, health facilities and 
expansion to maternal health care services through increasing health sector investment, augmenting 
human resources, and increasing availability of drugs and equipment to make the health facilities more 
functional [18]. The availability of private sector facilities also increased substantially, particularly after 
2001—our analysis found that availability of a private health facility within one hour of travel increased 
from 17% in 2001 to 68% in 2010 to 84% in 2016. Moreover, there has been steady macroeconomic 
growth as well as improvement in household economic conditions during the past two decades. The key 
question is why inequity in maternal health services use remained persistent (or, in one case, worsened) in 
spite of having all the elements for progressing towards an equitable service utilization in Bangladesh? 
We believe a number of factors can explain the persistent inequity in maternal health services use 
in Bangladesh. First, our study indicated that high facility readiness was not associated with an equitable 
use of maternal health services, which is contrary to existing research and recommendations from the 
global health experts on health systems strengthening [85–89]. While estimating the district-level average 
of facility readiness for maternal health services in Bangladesh, we observed that the average facility 
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readiness score was at a very low level in 2016 (0.322, meaning the health facilities had only 32% of their 
highest possible readiness level) and there has been a secular decline in average facility readiness index 
since 2001. Such a low level of readiness perhaps is the reason for not seeing a clear association between 
high facility readiness and equitable use of maternal health services in our analyses. Our analyses 
indicated that socioeconomic inequity in all three maternal health services use continued to be significant 
in both low and high facility readiness districts and actually increased significantly faster in the districts 
with high readiness for facility delivery. We argue that the facility readiness of maternal health services in 
Bangladesh is too low to have any considerable impact on reducing socioeconomic inequity. For example, 
normal delivery services are available in all district- and subdistrict-level public health facilities and 
private hospitals, more than half of the union-level facilities, and a third of the NGO clinics. The 2017 
Bangladesh Health Facility Survey demonstrated that around 40% of facilities have a staff member 
trained in routine labor and delivery care or active management of the third stage of labor, 12% have 
guidelines related to basic or comprehensive emergency obstetric care, and there were acute shortages in 
essential life-saving drugs and commodities [61]. Overall, only 1% of facilities were found to have all of 
the 13 items (e.g., human resources, equipment, medicines) considered to be essential by the WHO to 
provide quality services [64], and only 11% of facilities had performed all seven basic signal functions for 
obstetric care in the last three months [61]. For ANC, only 4% of facilities are at the level of readiness 
necessary to provide quality ANC services, and there was no improvement in service readiness between 
2014 and 2017 either for normal delivery or ANC at the facility level [61]. Universal access to and 
coverage of quality healthcare services is a critical element of the SDGs and a prerequisite for achieving 
equity in health [90–92]. With such low capacity and service readiness of the health system, in both 
public and private sectors, to provide critical maternal health services may partly explain the persistent 
inequity in service use in Bangladesh. A systematic review showed that low readiness of health facilities 
contributed to inequities in skilled delivery care [93–95], and even the effectiveness of health services 
innovations (viz., targeted service delivery, demand-side financing, and contracting out facilities) in 
improving equity in low and lower-middle-income countries found to be contingent on the government’s 
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capacity to enforce accountability mechanism and provide adequate program inputs (financing and 
workforce) [96, 97]. Demand-side financing schemes, in particular, were found to improve equitable 
skilled delivery care health care when facilities had higher service readiness [98, 99].  
Second, facility readiness alone cannot improve the equitable use of maternal health services 
unless the demand-side barriers (viz., personal, structural, and financial in Figure 2) to equitable health 
care are addressed. All the BMMS rounds explored why women did not seek medically-trained care 
during pregnancy and delivery and found that only 10% or less of the surveyed respondents reported low 
quality of care to be a reason for not delivering in a facility (for not seeking ANC or treatment for 
delivery complications, the rates are even lower) [33, 57, 58]. The major reason for not seeking care 
during pregnancy and delivery was the perceived absence of need (“not necessary”) along with 
social/cultural norms, followed by monetary constraints (e.g., cost of service was high or household did 
not have the means to pay for service) and transport and access issues (e.g., facility too far or transport not 
available). As for-profit private hospitals tend to cluster in urban areas [100], the government has 
established (or upgraded) thousands of facilities (UHFWCs, USC/RDs, and CCs) at the community level, 
which was supposed to have a positive effect on maternal health services use. Our analysis, however, 
demonstrated that proximity to a public health facility had a statistically significant association with only 
facility delivery, and the association remained similar (i.e., change in regression coefficient was not 
significant) throughout the study period. One possible explanation for the public facilities not having the 
desired effect would be the lack of capacity in providing quality maternal health services—there were 
also no wide-scaled community mobilization and/or non-governmental facilitation in place to change the 
societal norms on maternal care-seeking, which were found to be effective in increase service use and 
improving equity in low- and middle-income countries in Asia and Africa [101–103].  
Lastly, our analysis clearly demonstrated substantial growth of the private sector for maternal 
health services in Bangladesh, which is supported by the trend data from multiple rounds of Bangladesh 
Demographic and Health Surveys between 2000 and 2018 [17, 104]. Currently, 32% of deliveries take 
place in a private facility, which is expected to rise to half of all the deliveries by 2030 [105]. Our analysis 
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showed that living closer (<1 hour of travel) to a private health facility was significantly associated with 
the use of maternal health services in 2016, and its effect on facility delivery as well as treatment for 
delivery complications increased significantly between 2010 and 2016. Earlier studies indicated that low 
readiness and provision of services in the public sector could be the reason for such growth in the private 
sector, where wealthier and more educated women mostly rely on the private sector for reproductive and 
maternal health services [106–108]. Private hospitals also have performed markedly better than public 
facilities in terms of basic amenities (i.e., cleanliness, uninterrupted electricity, patient privacy, and toilet 
facilities for female patients) and basic laboratory diagnostic capacity (i.e., hemoglobin, urine protein, and 
urine glucose) [60, 61], which would be another reason to attract clients who were willing to pay more for 
delivery services. The average cost of delivery in a health facility increased from US $87 in 2001 to $204 
in 2010 and stayed at the same level until 2016 in Bangladesh [33, 57, 58]. During this period, the cost of 
delivery in the private sector rose much faster than in the public sector—in 2001, the mean cost of 
delivery in a private facility was 1.2 times higher than the mean expenditures associated with deliveries at 
public facilities, which became 2.1 times higher in 2010 and 2.5 times higher in 2016. Private hospitals, 
however, had similar (or lower) maternal health service readiness to comparable public facilities (viz., 
DHs, UHCs, MCWCs) and performed considerably less than the comparable public facilities in terms of 
availability of trained providers and carrying out the routine quality control/quality assurance activities 
[61]. Both the substantial growth of the private sector and their high cost for providing low-quality care 
are major impediments to achieve equity in maternal health services. This could be a reason why we saw 
a significant reduction in inequity for a relatively low-cost service like ANC in the areas near to the 
private sector, but not for facility delivery or treatment of complications. 
Based on the findings of this study and review of the experiences from low- and middle-income 
countries that are implementing universal health coverage to improve equity in maternal health services 
utilization, this paper outlines the following policy recommendations to be pursued in the short and 
medium terms. As Bangladesh is expected to have two SWAps during 2022–2030, we propose to follow 
an incremental process to develop and implement the following policy measures: 
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1. Test and expand effective community mobilization and social protection schemes for health: 
The equiplots in our analysis indicated only a modest reduction in the gap between the 
poorest and the richest quintiles for ANC and treatment of delivery complications, but a 
notable increase in the gap between the poorest and the richest wealth quintiles for facility 
delivery. The government has various social protection schemes targeted to specific 
vulnerable population groups, which need to be linked with maternal health services to 
provide financial protection for the poor against catastrophic health expenditures to improve 
equity. The government and the civil society should also explore community mobilization 
and behavior change communication activities to effectively address the social and cultural 
barriers of maternal health service use, particularly targeting the vulnerable population groups 
that are the least likely to use maternal health services. 
2. Ensure service readiness at all levels of health facilities: In order to observe the role of 
service readiness on equity in maternal health services use, the service readiness level has to 
be improved considerably from the current level. The Government of Bangladesh needs to 
focus on key reproductive health services with evidence to have a high impact in improving 
maternal health (e.g., full-component ANC for pregnant women at all facilities and delivery 
care with the management of delivery complications at strategically located facilities to 
minimize access barriers) [109]. To increase the service capacity and readiness at the 
facilities, the government needs to ensure an adequate supply of drugs and medical 
commodities (guideline, equipment) along with build, allocate, and retain the capacity of 
skilled providers in the public health facilities of all levels [105]. In order to ensure that all 
health sector stakeholders, including the private sector, adhere to policies, procedures, and 
quality standards of health services delivery, the government needs to take a stronger 
governance and stewardship role. 
3. Increase the share of the public sector for delivery services: Evidence from South and 
Southeast Asian countries indicated that increasing the public provisions of healthcare can 
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accelerate progress towards equitable coverage of health services [110]. Major financial and 
institutional reforms will need to be implemented to improve service readiness and quality at 
the primary level, as it is more efficient to increase utilization of inpatient and outpatient 
health services at lower levels of the service delivery system [111]. In addition, more rational 
planning in the proliferation of health facilities is needed—we recommend that the 
government should start with expanding the provision of deliveries in public sector health 
facilities by operationalizing 4,546 Union Health Centers across the country, each serving on 
average 25,000 population, for conducting normal deliveries and referral of complicated 
pregnancies to higher facilities. 
Study limitations 
This study’s limitations are largely related to the nature of the data used. First, all analyses relied 
on women’s recall of details about the ANC and delivery care that they received for a live birth up to 
three years preceding the survey. Women’s responses were classified into pre-specified survey response 
options, and there is a possibility of recall bias in their responses in spite of rigorous training for the field 
interviewers and several layers of data quality checks in place. Reporting of delivery complications were 
‘perceived complications,’ and no medical diagnosis was carried out to ascertain the validity of the 
responses. Also, data were not collected about the care received by women who experienced non-live 
birth outcomes such as miscarriages, stillbirths, and induced abortions. Second, linking structural/ 
programmatic variables (e.g., the readiness of health facilities) to surveyed households at the sampled 
cluster level was not possible since the BHFS/SPA and BMMS surveys were sampled independently. 
Instead, we linked facilities and households at the lowest possible geographic unit, which is at the district 
level. This level of linking provides information on the ‘existing service environment’ for the BMMS 
respondents rather than the readiness of facilities where delivery care was actually sought (linking women 
to individual facilities would be problematic conceptually anyway because a lot of women don’t use 
facilities for delivery care). Third, the data availability of potential structural/ programmatic covariates is 
not uniform across the BHFS/SPA survey rounds. For example, the 1999‒2000 Bangladesh SPA did not 
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collect information from secondary-level public health facilities such as government district hospitals, for 
which the bed occupancy rate of district hospitals served as a proxy for service efficiency/readiness and 
imputed readiness scores for 1999‒2000 based on regression outputs for 2011 and 2017. 
The data sources used for this study did not collect information on ideation and norms in maternal 
health services use, which remains a gap in this analysis. Further research is needed to understand beliefs 
and social/cultural norms around pregnancy, delivery and postpartum, and their relation to service 
utilization and quality of care in health facilities. Despite an ongoing global movement for measurement 
and improvement of respectful care,  only a few studies have looked into respectful maternity care in 
Bangladesh [112, 113].  Further research is also needed to understand respectful maternity care as an 
important factor in influencing the use of services. 
Conclusions 
Lessons from Bangladesh’s maternal and child health services delivery and service utilization 
during the last two decades have important implications for policymakers and public health researchers in 
low- and middle-income countries [114]. In this study, we attempted to provide a comprehensive analysis 
of socioeconomic inequities in the use of essential maternal health services in Bangladesh and examined 
the differential effects of supply-side factors during 2001‒2016. This study found that significant progress 
has been made in Bangladesh in increasing the use of essential maternal health services. However, it also 
found persistence in pro-rich inequities in the use of all three key maternal health services, and for facility 
delivery, the inequity worsened over time. This finding sheds light on the causes contributing to the 
stagnation of maternal mortality decline in recent years in Bangladesh, as improving equity in maternal 
health service use is critical to reducing maternal mortality [34–38]. To our knowledge, this is the first 
examination of the role of supply-side factors on the use of maternal health services and systematic 
investigation of the role of facility readiness on maternal health equity in Bangladesh using large-scale, 
comprehensive, nationally representative data. The empirical evidence and policy measures presented 










CHAPTER 3: IMPACT OF SECTOR-WIDE APPROACH ON EQUITY IN SKILLED 
DELIVERY CARE IN BANGLADESH USING SYNTHETIC CONTROL ANALYSIS 
 
Introduction 
Development assistance for the health sector constitutes one of the largest foreign aid shares and 
technical assistance among social sectors. Following Bangladesh’s independence in 1971, international 
donors played a key role in supporting the government to implement a series of health and population 
projects. Bangladesh embarked on a sector-wide approach (SWAp) to deliver cost-effective and 
integrated health services, where one national program replaced 128 discrete projects in the health sector 
in 1998 [18]. To date, Bangladesh has implemented four consecutive health SWAps with the goal to 
extend an essential service package of essential health services to women, children, and the poor, 
including marginalized groups [39, 115–117]. The programmatic shift from a project-based approach to 
SWAp for the health sector has contributed to increased utilization of maternal health services by 
increasing health financing, achieving a better balance between policy and maternal health programs, and 
improving maternal health service provision at health facilities in the public sector in terms of availability 
of physicians, nurses and functional equipment [18]. 
 SWAp is a governance mechanism for coordinating the government and the donors' actions to 
reduce duplication, lower transaction costs, increase equity and sustainability, and improve aid 
effectiveness [19]. The coordination between the government and the donors is reflected in a single sector 
strategy, an integrated operational plan, and a single budget. This approach was developed in the early 
1990s in response to widespread dissatisfaction with fragmented donor-sponsored projects and 
prescriptive adjustment lending [20, 21]. Many of the signatories to the Paris Declaration on Aid 
Effectiveness, particularly the low- and middle-income countries, have adopted SWAp in different sectors 
(e.g., health, education, agriculture) as the preferred modality for development assistance and channeled 
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large proportions of funding for the social sectors in these countries [118]. At the last available count, 31 
low- and middle-income countries have adopted SWAp for the health sector [119]. Despite being 
promoted by international development agencies, SWAp has rarely been evaluated rigorously. Previous 
SWAp evaluations have examined either specific policy/programmatic processes or changes in funding 
and outcome indicators related to SWAp objectives instead of evaluating the SWAp’s impact [18, 120–
122]. As bi- and multilateral donors have increasingly been moving away from project-based modality to 
SWAp, a need has been created to assess the aid effectiveness by using rigorous statistical techniques 
[123]. 
Efforts during the United Nations Millennium Development Goals (MDGs) period (i.e., 2000‒
2015) resulted in an impressive decline in maternal mortality and an increase in maternal health services 
use in Bangladesh [33, 124]. As Bangladesh moves forward with the Sustainable Development Goals 
(SDGs) for 2030, the persistent inequity in maternal health services use has become a central issue in 
recent years. A similar phenomenon has been observed in other countries as well—studies indicated that 
the global progress in health MDGs was largely inequitable [28, 29], and equitable maternal health care 
utilization, in particular, has become a growing concern for low- and middle-income countries for 
achieving the SDGs [31]. As countries scale up the use of health services from initially low levels, early 
increases in inequality could be expected, which is known as the ‘inverse equity hypothesis’ [125, 126]. If 
the hypothesis holds, inequities in the use of maternal health services observed in Bangladesh should 
begin to narrow after the initial widening, which has not been the case. Indicators from multiple rounds of 
Bangladesh Demographic and Health Surveys (BDHS) clearly showed that the socioeconomic disparities 
in maternal health services use have deteriorated over time. While the persistent socioeconomic 
disparities in Bangladesh could explain the observed gap in maternal health services use between the 
poorest and the wealthiest population groups, there is a knowledge gap on SWAp’s effect on maternal 
health inequity. No statistical impact evaluation of the health SWAp in Bangladesh has been carried out 
to date [18]. This analysis intends to fill this knowledge gap by evaluating the impact of health SWAp on 
the equitable use of skilled birth attendants (SBA) for delivery. The use of a rigorous, data-driven impact 
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evaluation technique called synthetic control analysis (SCA) was explored in this study for evaluating the 
impact of health SWAp on equity in the use of SBA. 
Statistical impact evaluation methods are essentially designed to evaluate homogeneous 
interventions applied to a well-defined population group to yield specific results [123]. Rigorous 
evaluation of a SWAp has rarely been carried out in any country primarily because interventions are 
implemented at the country level, and it is difficult to find an appropriate comparison group. The study 
will contribute methodological knowledge on SCA's use for evaluating SWAps and similar population-
level health interventions. Our use of SCA in assessing SWAp is expected to have a high policy impact 
by providing evidence on the effectiveness of the health SWAp on health services use. It will fill a crucial 
gap in our knowledge on aid effectiveness as well.  
Data and Methods 
Data sources 
We used data from a series of nationally representative surveys during 1990–2017 to carry out 
SCA in this study so that adequate data points are available before and after introducing SWAp for 
Bangladesh’s health sector. For a data-driven procedure like SCA, the first criteria for selecting countries 
to form the synthetic control is data availability—large household sample surveys such as Demographic 
and Health Survey (DHS) supported by the United States Agency for International Development 
(USAID) and Multiple Indicator Cluster Survey (MICS) sponsored by United Nations Children’s Fund 
(UNICEF) are appropriate sources to provide comparable data on health- and equity-related maternal 
health outcomes at regular intervals. Both of these surveys provide nationally representative estimates of 
the use of maternal health services by socioeconomic status, which is relevant for the analysis [127, 128]. 
The second criterion was to select countries from a comparable national economic situation—since 
Bangladesh is currently a lower-middle-income country, countries categorized as low-income, lower-
middle-income, and upper-middle-income were considered [15]. The third criterion was to ensure that the 
countries did not have a SWAp for the health sector during the study period since SCA requires that 
control units not receive exposure to the treatment. We used the International Health Partnerships Plus 
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Country Planning Cycle Database to identify the countries that have implemented SWAp for the health 
sector during the study period [119, 129–131]. See Appendix 6 for a detailed country selection process. 
We selected the following 16 countries which have a comparable national economic situation, 
conducted multiple rounds of DHS/MICS surveys at regular intervals, and did not have any SWAp for the 
health sector during the study period: Côte d’Ivoire, Egypt, India, Indonesia, Kenya, Nigeria, Pakistan, 
Philippines, Haiti, Zimbabwe, Colombia, Dominican Republic, Guatemala, Jordan, Peru, and Turkey. 
Since DHS and MICS provide survey estimates on the utilization of selected maternal health services 
(viz., delivery by SBA and delivery in a health facility) at regular intervals, linear interpolation between 
the survey rounds was used to generate a yearly time series data for the indicators to use in the analysis as 
dependent variables. Yearly time series data for potential predictor variables (e.g., macroeconomic 
performance, health status, educational attainment, etc.) were obtained from widely accepted and used 
global sources such as the World Development Indicators (WDI), the National Health Accounts (NHA), 
and the Worldwide Governance Indicators (WGI) [132–134].  
Variables 
To evaluate the impact of health SWAp in Bangladesh on equity in maternal health service use, 
we focused on absolute inequity in SBA use as the outcome variable. According to DHS and MICS, 
obstetric care from a medically trained provider (viz., qualified doctor, nurse or midwife, and other health 
workers who received specific training on delivery care) during delivery is considered as delivery by an 
SBA [135]. Absolute inequities (i.e., the difference between the poorest and the richest quintiles, where 
the quintiles are based on the household’s durable assets and basic amenities of the surveyed respondents) 
in SBA were calculated for Bangladesh and each of the 16 selected countries to be used as the dependent 





Table 5. Potential predictors considered for SCA 
Variable Definition Data source 
Employment in 
agriculture 
Percentage of total working-age persons who were engaged in activities 
in agriculture, hunting, forestry, and fishing ILO 
Access to electricity Percentage of population with access to electricity World Bank 
Health expenditure 
per capita 
Total expenditures on health, that include healthcare goods and services 
consumed during each year, per capita in current US dollars WHO 
GDP growth Annual growth rate of GDP (in percentage) at market prices based on constant 2010 U.S. dollars World Bank 
GINI index 
The extent to which the distribution of income among individuals within 
an economy deviates from a perfectly equal distribution—ranges from 0 
(perfect equality) to 100 (perfect inequality) 
World Bank 




Total general government expenditure (in percentage) on education 
sector UNESCO 
Life expectancy at 
birth 
Number of years a newborn infant would live if prevailing patterns of 
mortality at the time of its birth were to stay the same throughout its life UNPD 
Adult literacy rate Percentage of people ages 15 and above who can both read and write with understanding a short, simple statement about their everyday life UNESCO  
Adult female literacy 
rate 
Percentage of females ages 15 and above who can both read and write 
with understanding a short, simple statement about their everyday life UNESCO  
Youth female literacy 
rate 
Percentage of females aged 15-24 who can both read and write with 
understanding a short, simple statement about their everyday life UNESCO  
Population growth Annual population growth rate for year t is the exponential rate of growth of midyear population from year t-1 to t, expressed as a percentage UNPD 
Poverty headcount 
ratio 
Percentage of the population living on less than $1.90 a day at 2011 
international prices World Bank 
Rural population Proportion of the population living in rural areas as defined by national statistical offices UNPD 
Sex ratio at birth The number of male births per 100 female births (the data are five-year averages) UNPD 
Unemployment rate Proportion of the labor force that is without work but available for and seeking employment ILO 
Political stability Perceptions of the likelihood of political instability and/or politically-motivated violence, including terrorism—ranges from ‒2.5 to 2.5 World Bank 
Government 
effectiveness 
Perceptions of the quality of public services, the quality of the civil 
service and the degree of its independence from political pressures, the 
quality of policy formulation and implementation, and the credibility of 
the government's commitment to such policies—ranges from ‒2.5 to 2.5 
World Bank 
Regulatory quality 
Perceptions of the ability of the government to formulate and implement 
sound policies and regulations that permit and promote private sector 
development—ranges from ‒2.5 to 2.5 
World Bank 
Control of corruption 
Perceptions of the extent to which public power is exercised for private 
gain, including both petty and grand forms of corruption, as well as 
"capture" of the state by elites and private interests—ranges from ‒2.5 to 
2.5 
World Bank 
Notes: ILO—International Labour Organization; WHO—World Health Organization; UNESCO—United Nations Educational, 
Scientific and Cultural Organization; UNPD—Population Division of the Department of Economic and Social Affairs of the United 




Maternal health services use is multifactorial [136–138], so we considered a wide range of 
potential predictor variables that may have contributed to equity in SBA use. We primarily followed the 
contextual factors proposed in the Commission on Social Determinants of Health’s conceptual framework 
to select predictors in Table 5 [22]. The framework included all social and political mechanisms that 
generate, configure, and maintain social hierarchies that affect health inequities [22]. We also included a 
lagged outcome variable (for the years between 1990 and 2004) into the synthetic control model as 
‘special predictors’ for optimization [139]. As the SCA requires that the treated unit and the synthetic 
control are similar during the pre-treatment period, we followed an iterative process of variable selection 
(by adding or replacing predictor variables from Table 5) to get the final model that had the lowest root 
mean squared prediction error (RMSPE). RMSPE demonstrates the pre-treatment fit between the treated 
unit and the synthetic control [140]. 
Statistical analysis 
By definition, SWAp brings together the government, donors, and other stakeholders within a 
sector to implement a comprehensive program for the whole sector following a set of operating principles 
[18]. Due to the nature of implementation, assessing the impact of a SWAp poses particular 
methodological challenges (such as no counterfactual). This study used SCA that rectifies the problem of 
not having an ideal control group to form a comparator population for the policy (or program, such as 
SWAp)-affected population. It leverages insights from other quasi-experimental impact evaluation 
approaches such as Propensity Score Matching but can be applied to aggregate populations (e.g., country) 
rather than to individuals [141, 142]. SCA's empirical strategy is to synthesize a control (referred to as 
‘synthetic control’) from a weighted sum of control countries chosen from a pool of potential candidates. 
The weighted sum is created by matching outcome and explanatory variables in the pre-treatment period 
of the potential control countries to the treated country, where typically some countries are not used at all 
(because they diverge too much from the treated country in their pre-treatment characteristics) and other 
countries contribute different amounts to the synthetic control [143, 144]. Valid SCA implementation 
requires that the synthetic control’s outcome closely matches the treated country’s outcome during the 
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pre-treatment period so that the outcome paths after the treatment can be compared to examine the 
treatment’s effect. If the outcome paths of the synthetic control and the treated country diverge during the 
post-treatment period, then the treatment can be attributed to the difference [140, 142, 144–148]. For this 
paper, SCA used an empirical optimization procedure based on the time-series dataset of 16 countries to 
construct a synthetic control so that the trends in covariates and outcomes of ‘Synthetic Bangladesh’ 
match those of Bangladesh before the exposure to SWAp as closely as possible, and estimate the effect of 
SWAp by comparing Bangladesh and Synthetic Bangladesh during the post-SWAp period. The analysis 
steps are described below. 
The inequity in SBA at year t can be presented following the potential outcome model [149, 150]: 
𝑦𝑦𝑖𝑖 = 𝑐𝑐𝑖𝑖𝑦𝑦𝑖𝑖1 + (1 − 𝑐𝑐𝑖𝑖)𝑦𝑦𝑖𝑖0              … … … (1) 
where  𝑦𝑦𝑖𝑖1 is the inequity in SBA use if a given country is exposed to SWAp and 𝑦𝑦𝑖𝑖0 if that country is not 
exposed to SWAp; 𝑐𝑐𝑖𝑖 is an indicator variable that takes the value of 1 if there is a SWAp in the health 
sector and 0 otherwise. From equation (1), the treatment effect of health SWAp on the inequity in SBA 
use can be estimated as: 
𝛽𝛽𝑖𝑖 =  𝑦𝑦𝑖𝑖1 − 𝑦𝑦𝑖𝑖0              … … … (2) 
which depends on the potential outcome in both states (𝑐𝑐𝑖𝑖 = 1 and 𝑐𝑐𝑖𝑖 = 0), whereas only one state can be 
observed at any given t. SCA exploits variation over time in the outcomes of countries that are either 
exposed to treatment only after some period t = T or that are never exposed. The estimator compares the 
actual outcome in the treated country with a weighted average of all units in the comparison group as 
follows: 
?̂?𝛽𝑖𝑖 = 𝑦𝑦𝑖𝑖1 −�𝑤𝑤𝑖𝑖𝑦𝑦𝑖𝑖𝑖𝑖0
𝑖𝑖∈𝐼𝐼
             … … … (3) 
where 𝑤𝑤𝑖𝑖 is the weight attached to each i-th country in the comparison group I. Since treated and 
comparison countries are observed in different states after T (i.e., with and without a health SWAp, 
respectively), after replacing 𝑦𝑦𝑖𝑖1 from equation (2), the equation (3) becomes: 
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?̂?𝛽𝑖𝑖 = 𝛽𝛽𝑖𝑖 + �𝑦𝑦𝑖𝑖0 −�𝑤𝑤𝑖𝑖𝑦𝑦𝑖𝑖𝑖𝑖0
𝑖𝑖∈𝐼𝐼
� ,∀𝑡𝑡 > 𝑇𝑇             … … … (4) 
which indicates that the accuracy of ?̂?𝛽𝑖𝑖 shown in equation (4) as an estimate of treatment effect depends 
on the difference between 𝑦𝑦𝑖𝑖0 and ∑ 𝑤𝑤𝑖𝑖𝑦𝑦𝑖𝑖𝑖𝑖0𝑖𝑖 . Therefore, choosing the vector of weights that minimizes the 
difference between the treated and the control countries during the pre-treatment period would provide the 
precise estimate of the SWAp’s treatment effect on SBA inequity. SCA approximates the (unobserved) 
counterfactual evolution of the potential outcome 𝑦𝑦𝑖𝑖0 after T, which is a generalization of widely used 
impact evaluation methods such as DID models by allowing the effect of unobserved factors to vary over 
time according to a flexible factor representation of the potential outcomes of the treated country [140, 
150]. During the development of SCA in early 2000, Abadie and Gardeazabal (2003) adopted a two-step 
procedure to minimize the difference between the treated and control units in terms of pre-treatment 
outcomes and predictors for post-treatment outcomes. Specifically, let 𝑥𝑥 and 𝑥𝑥𝑖𝑖0 be the (K × 1) vectors of 
predictors for the treated country and for each i-th country in the control group, respectively. Also, let V 
be a (K × K) diagonal matrix with non-negative entries measuring each predictor's relative importance. 







�              … … … (5) 
where 𝑤𝑤𝑖𝑖 ≥ 0,∀𝑖𝑖 and ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 = 1; then the optimal V* is chosen to minimize the RMSPE for outcomes 








,∀ 𝑇𝑇0 ≤ 𝑇𝑇             … … … (6) 
We carried out SCA for this paper in R version 4.0.3 and the package ‘Synth’ that implements 
SCA and solves a nested optimization problem that minimizes equation (6), for W*(V) given by equation 
(5) [151, 152]. Statistical significance is not tested for SCA in a conventional manner [141]. Instead, 
placebo-test simulations are conducted based on the distribution of observations for variables in the 
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synthetic control [140, 148]. For statistical inferencing and cross-checking of the SCA outputs, we used 
an extension of Synth package called ‘SCtools’ for placebo test and an R-based web-app for bootstrapped 
p-values of modeled outcomes [145, 153, 154]. 
Results 
Country comparison 
Bangladesh and the potential control countries are compared for different health and governance 
indicators in Figure 8 [133, 134, 155]. Bangladesh spends the least for health among the countries chosen 
but stood around the middle regarding healthcare access and quality. In terms of both government 
effectiveness and regulatory quality, Haiti, Zimbabwe, and Nigeria performed worse than Bangladesh. 
Figure 8. Comparison between Bangladesh and countries selected for synthetic control 
 
The trends in the outcome variable (SBA inequity) during the study period for Bangladesh and 
the selected countries are presented in Figure 9. SBA use in Bangladesh started from a very low level and 
started to pick up from early 2000. The gap in SBA use between the richest and the poorest 
socioeconomic quintiles in Bangladesh increased slowly but steadily during the study period. Between 
1990 and 2017, only Nigeria and Haiti showed somewhat comparable SBA levels (for total and the 
poorest) to Bangladesh. Overall SBA level and  SBA use among the poorest and the richest wealth 









SCA’s empirical optimization procedure selected the best weighting of countries from the 
potential control countries to create a synthetic control, which would minimize the difference between 
SBA inequity trends in Bangladesh and the synthetic control during the pre-SWAp period. The resulting 
‘Synthetic Bangladesh’ was a weighted average of the outcomes in Zimbabwe (59.0%), Dominican 
Republic (25.3%), and Haiti (15.7%). The selection of countries to construct Synthetic Bangladesh in this 
study was a mixture of low-income (Zimbabwe and Haiti) and upper-middle-income (Dominican 
Republic) countries from different continents (the Dominican Republic and Haiti are in the Caribbean, 
Zimbabwe is in Africa), but shares similar characteristics of having relatively smaller but persistent 
socioeconomic disparity and a slower increase in SBA use among the poorest quintile during the pre-
SWAp period, compared to the majority of the remaining potential control countries. The unit weight 
matrix for Synthetic Bangladesh to evaluate the impact of health SWAp on SBA inequity is presented in 
Table 6.  
Table 6. Unit weights for the synthetic control for Bangladesh 
Country name Country abbreviation Weight 
Colombia  COL 0 
Côte d’Ivoire  CIV 0 
Dominican Republic  DOM 0.253 
Egypt  EGY 0 
Guatemala  GTM 0 
Haiti  HTI 0.157 
India  IND 0 
Indonesia  IDN 0 
Jordan  JOR 0 
Kenya  KEN 0 
Nigeria  NGA 0 
Pakistan  PAK 0 
Peru  PER 0 
Philippines  PHL 0 
Turkey  TUR 0 
Zimbabwe  ZWE 0.590 




Overall, the comparison of predictors used for SCA indicated a better resemblance of pre-
intervention predictors between Bangladesh and its synthetic control than between Bangladesh and the 
entire selection of potential control countries. Among the predictors considered for SCA, pre-treatment 
outcomes are given considerably higher weight than the covariates, as displayed in the V-weights column 
in Table 7. As stated in the methods section, the SCA optimization assigns variable weights based on each 
covariate's predictive power during the matching process. 
Table 7. Pre-treatment predictor balance among Bangladesh, Synthetic Bangladesh, and the 
potential controls 
Predictors Bangladesh Synthetic Bangladesh 
All control 
countries V-weights 
GINI index coefficient 0.443 0.500 0.539 0.026 
Government expenditure on education (%) 15.017 13.269 14.205 0.001 
Government effectiveness ‒0.621 ‒0.584 ‒0.434 0.07 
Regulatory quality ‒0.920 ‒0.902 ‒0.323 0.016 
Population growth (%) 2.069 1.718 2.115 0.001 
Log(GDP per capita, US $) 2.551 2.889 2.971 0.005 
Inequity in SBA, 1990‒2004 (mean) 33.920 34.543 52.921 0.881 
 
The synthetic control needs to mimic the treatment country’s outcome indicator during the pre-
treatment period to be a valid synthetic control. Our SCA for evaluating the impact of health SWAp in 
Bangladesh resulted in a reasonable fitting for SBA inequity trends between Bangladesh and the synthetic 
control, with an RMSPE of 5.26 during the pre-SWAp period. The SCA indicated that inequity in SBA 
during the post-treatment period decreased in the synthetic control. In contrast, for Bangladesh, it 
continued to increase (see Figure 10-a). The time-varying effect estimate of health SWAp, which is the 
difference between SBA inequity in Bangladesh and Synthetic Bangladesh, is displayed in Figure 10-b. It 
shows that the effect was between ±8.0 percentage points during the pre-SWAp period and gradually 
increased throughout the study period. The estimated effect was a 30.7 percentage point increase in SBA 






Figure 10. SCA output 
 
Inference procedure  
Abadie et al. (2010) noticed that large sample inferential techniques are not appropriate for 
comparative case studies with a small number of treated and control units [140]. For this reason, they 
propose an alternative falsification test based on the distribution of the (placebo) effects estimated for all 
units in the control group [150]. In placebo tests, the SCA is separately run on each control unit as though 
it is a treated unit, using the remaining control units as before. The resulting effect size is compared with 
its synthetic match, and the test is repeated on the next control unit. Because none of the control units 
receive treatment, variation between the placebo unit and its synthetic match occurs randomly. By 
comparing the effect sizes between the treated unit and its synthetic control to the differences among 
placebo units and their controls, we can evaluate the likelihood that the treatment’s apparent effect on the 
treated state is because of chance [140, 146, 156].  
This study's inference procedures suggested a pseudo (one-sided) p-value of 1/15=0.067, meaning 
that none of the placebo runs outperformed the effect estimate for Bangladesh when the two countries that 
had high pre-treatment RMSPE were discarded (see Figure 11). This p-value fell outside the traditional 
(i.e., 5%) significance level. However, it is worth noting that the use of the term ‘p-value’ is slightly 
misleading since it is based on permutation tests of the selected sample and therefore not comparable with 
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an actual p-value (e.g., for a placebo test with a sample size of 15 states as in this case, the minimum 
possible ‘p-value’ can not go below 0.067) [156]. Therefore, our placebo test indicated a strong causal 
effect of the health SWAp on increasing SBA inequity in Bangladesh.  
Figure 11. Effect estimates for Bangladesh compared to placebo studies on inequity in SBA 
 
Note: Placebo test discarded two countries with pre-SWAp MSPEs more than five times higher than 
the MSPE for Bangladesh [140, 152] 
 
To examine the statistical significance of Bangladesh health SWAp’s impact on SBA inequity, 
we estimated non-parametric bootstrap confidence intervals for the time-varying effect estimate using an 
R-based application developed by Carling and Li (2017) [153, 157]. In the non-parametric bootstrapping 
procedure, 200 bootstrap samples were created by randomizing comparison units with replacement and 
applying SCA to estimate an effect size for each of the samples. From the resulting distribution of the 
intervention effect, the 0.025 and 0.975 quantiles served as our non-parametric bootstrap confidence 
intervals. The bootstrap estimation of the average effect size in the post-SWAp period for Bangladesh was 
positive (20.42 percentage points) and statistically significant (p<0.001), indicating that the impact of 
health SWAp on SBA equity in Bangladesh was significantly different than Synthetic Bangladesh in the 
post-SWAp period. The effect size and direction demonstrated that SBA inequity worsened during the 
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Bangladesh health SWAp. Figure 12 shows the non-parametric estimation of the effect size during the 
study period. 
Table 8. Estimation of effect size with statistical significance 
Year Effect size (95% bootstrap interval) p-value 
2002‒2004 1.34 (‒2.626, 5.633) 0.44 
2004 1.68 (‒2.76, 7.674) 0.44 
2006 9.04 (6.549, 13.165) 0.19 
2006‒2008 10.69 (9.103, 14.592) 0.19 
2017 30.71 (17.754, 35.366) <0.001 
1990‒2004 ‒0.62 (‒4.796, ‒0.545) 0.75 
2006‒2017 20.42 (15.737, 22.499) <0.001 
 
Figure 12. Non-parametric estimation of Bangladesh health SWAp’s effect on inequity in SBA 
 
Sensitivity analysis 
Sensitivity analysis aims to ensure that the SCA results are not produced due to a single 
influential country in the synthetic control [156].  We removed the country with the highest unit weight 
(see Table 6) and re-ran the SCA using the restricted comparison group. After re-running the SCA 
without Zimbabwe, we found that resulting Synthetic Bangladesh was a weighted average of the 
Dominican Republic (52%) and Nigeria (48%). The average effect size during the post-SWAp period was 
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reduced from 20.42 to 15.74 percentage points but remained statistically significant (p<0.001). Detailed 
findings of the sensitivity analysis were provided in Appendix 7. Iteratively, we also re-ran the SCA after 
dropping the Dominican Republic and Haiti (along with Zimbabwe). We found that the average effect 
sizes during the post-SWAp period remained statistically significant (p<0.001) without Zimbabwe and the 
Dominican Republic and approached significance level (p=0.07) without all the three countries (viz., 
Zimbabwe, Dominican Republic, and Haiti) used for constructing Synthetic Bangladesh in our original 
analysis. Findings from this exercise provided more credibility to the study, and we concluded that our 
SCA results were robust to the exclusion of influential contributors to the synthetic control. 
Discussion 
SWAps were developed in the 1990s to overcome problems of fragmented development 
programs and overly prescriptive donor assistance and to enable national governments to develop and 
implement comprehensive sectoral policies and strategies [20]. They also brought a single agreed set of 
performance indicators and a coordinated yearly program review process, greatly simplifying the 
Government’s response to donors. An earlier study found that the health SWAps in Bangladesh 
successfully aligned funding and technical support around national priorities. It also improved the 
government’s role in program design, implementation, and donor coordination, which increased health 
facilities' functionality to provide essential maternal and child health services [18]. The larger 
development aid agencies increasingly prefer SWAp as it fosters sustained government-led partnership 
with donors that enables the government to undertake specific health sector reforms to meet sectoral and 
national development objectives [158]. The health SWAp in Bangladesh is considered an example of a 
successful adaptation of such an approach in a complex administrative structure [18]. Increasing SWAp 
funding across the consecutive SWAps in Bangladesh, both from the donors and the government, also 
alleviates a major concern that health SWAps are associated with decreased health aid levels or 
displacement of the government’s health budget in the long run [119, 131].  
SCA for evaluating SWAp’s impact indicated a robust causal effect of the health SWAp on increasing 
SBA inequity in Bangladesh. Given Bangladesh's SWAp implementation experience and a steady 
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improvement in key maternal and child health outcomes over the last 20 years, why health SWAps 
resulted in an increased inequity in SBA use needs careful scrutiny. We believe the massive expansion of 
the private sector may primarily explain why increasing inequity in delivery care has been an unintended 
effect of SWAp in Bangladesh. As a part of the health sector reform agenda, the Government of 
Bangladesh advocated for increased private sector participation for the health sector through public-
private partnerships and collaborations while designing the first, full component SWAp in Bangladesh 
(i.e., Health, Nutrition and Population Sector Program—HNPSP for 2005–2011) [116, 159]. The follow 
on SWAps and the government’s national health policy also encouraged private sector participation to 
increase health service coverage [39, 41, 117, 160]. All the SWAps since 2005 aimed to set up a 
regulation and accreditation system under the SWAp arrangement to forge an effective public-private 
collaboration for the health sector, which did not make any progress in more than a decade. The 2018 
annual program implementation report of the ongoing SWAp (viz., Fourth Health, Population and 
Nutrition Sector Program—4th HPNSP for 2017–2022) reported that an accreditation document was 
drafted but did not reach the level of approval by the government, neither an action plan could be 
developed to start the accreditation of health facilities in the near future [161]. By encouraging the private 
sector to provide health services in line with the government’s trade liberalization and economic 
deregulation policies [159], without building stewardship and regulatory capacities, the SWAps 
contributed to the privatization of the health sector in Bangladesh.  
The SCA optimization process chose three out of the 16 potential control countries for 
constructing the counterfactual in our study (i.e., Synthetic Bangladesh) to evaluate the impact of SWAp. 
Resulting Synthetic Bangladesh was a weighted average of the outcomes in Zimbabwe, the Dominican 
Republic, and Haiti. We need to examine how the combination of these three apparently dissimilar 
countries could reduce SBA inequity during the post-SWAp period that Bangladesh could not. There are 
several common features among these countries that may explain their success in lowering SBA inequity. 
First, evidence from South and Southeast Asian countries indicated that expanding the public provisions 
of healthcare could accelerate progress towards equitable coverage of health services [110]. The public 
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sector's market share for institutional deliveries in all three countries chosen as counterfactual was high—
71% in the Dominican Republic, 85% in Zimbabwe, and 60% in Haiti, based on the most recent (2013, 
2015, and 2016-17 rounds, respectively) Demographic Health Surveys [162]. Also, the proportions of 
births delivered at a facility in the Dominican Republic and Zimbabwe were high at 99% and 79%, 
respectively (for Haiti, it was 39%). In Bangladesh, nearly half (49%) of the births were delivered at a 
health facility, and the public sector’s share in institutional delivery was only 29% in 2017‒18 [17]. In an 
earlier study using data from three rounds of the Bangladesh Maternal Mortality Survey (BMMS), we 
observed a massive expansion of the private sector in maternity care—only 17% of the sampled 
respondents lived within one hour of travel from a private health facility in 2001, which increased to 84% 
in 2016. We also estimated that the mean cost of delivery in private facilities was 20% higher than at 
public facilities in 2001, which grew to 150% in 2016 [163]. An unregulated increase in the private sector 
for maternal health services with the implication of charging high fees may explain the increase in SBA 
inequity during the SWAp period.  
Second, empirical evidence suggests that higher education and greater political commitment 
(measured as the share of government spending allocated to health) were significantly associated with 
higher equity in service use [78]. Despite Bangladesh’s laudable improvement in the education sector 
between 1990 and 2019 that achieved gender parity in primary and secondary school enrollment [16], the 
overall educational attainment remained significantly lower than the Dominican Republic and Zimbabwe 
(recent statistics for Haiti were not available). The proportion of age 25+ population having at least 
completed lower secondary education in Bangladesh was 45% in 2019, compared to 67% in the 
Dominican Republic (2016) and 65% in Zimbabwe (2017). Furthermore, spending on education and 
healthcare (1.3% and 2.3%, respectively, of GDP in 2019) in Bangladesh has remained below the average 
for low-income countries [16, 164]. 
Based on existing research, global health experts on health systems strengthening endorse that 
health system reforms to increase provision and readiness of health facilities are necessary to ensure 
equitable use of maternal health services [85–89]. As the Dominican Republic already has made quality 
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antenatal care available to all women, and nearly all births are attended by SBA, we will focus on health 
systems capacity and facility readiness of the remaining two countries that constituted Synthetic 
Bangladesh in our SCA. The most recent health facility assessment surveys demonstrated that, except for 
the availability of normal delivery services (36% of the health facilities in Haiti reported to provide 
normal delivery services compared to 57% in Bangladesh and 89% in Zimbabwe), facility readiness to 
provide delivery services in Bangladesh was notably lower in the other two countries [61, 165, 166]. Less 
than one in four (23%) health facilities that provide normal delivery services had staff trained in 
integrated management of pregnancy and childbirth (IMPAC) in Bangladesh; this figure was 94% for 
Zimbabwe and 44% for Haiti. Only 12% of health facilities that provide normal delivery services had 
obstetric care guidelines available in Bangladesh, compared to 92% for Zimbabwe and 45% for Haiti. 
Availability of other readiness items (e.g., basic diagnostic capacity, availability of essential drugs, 
equipment, emergency transport, etc.) in Bangladesh’s health facilities was much lower than in Zimbabwe 
and Haiti [61, 165, 166]. In an earlier study [163], we argue that the overall low readiness of health 
facilities might be a reason for persistent (and worsening) inequity in maternal health services use in 
Bangladesh by a) incurring a higher cost for skilled delivery care in public facilities, and b) increasing the 
use of the private sector for maternity care. Due to low facility readiness, patients often require procuring 
essential medicines (e.g., injectable antibiotics, uterotonics, etc.) and medical commodities from 
pharmacies outside the public facility by paying out of their own pockets. Such payments add to the total 
cost for seeking care in public facilities, where the services are essentially free, thus limiting access to 
services by the poor.  
On the other hand, in spite of having similar (or lower) maternal health service readiness to 
comparable public facilities, private hospitals and clinics performed markedly better than public facilities 
in terms of basic amenities (i.e., cleanliness, uninterrupted electricity, patient privacy, and toilet facilities 
for female patients) and basic laboratory diagnostic capacity (i.e., hemoglobin, urine protein, and urine 
glucose) [60, 61], which would be a major reason to attract clients who were willing to pay more for 
delivery services. Earlier studies have shown that wealthier and more educated women mostly rely on the 
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private sector for reproductive and maternal health services for convenience and perceived quality of care 
[106–108]. Findings from the earlier DHS rounds demonstrated that the population had shifted its norm 
of home delivery to delivery at facilities [105]. Evaluation of Maternal and Neonatal Health Initiatives in 
Bangladesh (MNHIB), jointly implemented by the Government of Bangladesh and the United Nations 
agencies, also showed that community support system and local level planning initiative could effectively 
reduce inequity in maternal health services use [54]. Findings from our SCA can be explained by the fact 
that consecutive health SWAps in Bangladesh neither included widescale community mobilization 
components to change norms and behaviors of pregnant women nor were able to increase the facility 
readiness in Bangladesh to provide quality maternal health services and, therefore, resulted in increasing 
SBA inequity during the post-SWAp period. 
Study limitations 
A major challenge of conducting SCA is data availability. For Bangladesh, eight rounds of BDHS 
data provide health and equity-related information between 1993 and 2017. We had to collate aggregated 
data from both DHS and MICS surveys to prepare the dataset for countries to construct the synthetic 
control—though these surveys vary from each other in their sampling process, both provide nationally 
representative estimates. Since the DHS and MICS provide nationally representative data at regular 
intervals, i.e., not every year, we used linear interpolation to create a balanced dataset covering 1990‒
2017, which was a major weakness of this study. To ensure enough data points were available, we only 
included the countries that had at last three rounds of DHS/MICS during the pre-treatment period in our 
final analysis. 
The ‘time of treatment’ for SWAp considered in this analysis is different from the official date of 
SWAp implementation—though the health SWAp in Bangladesh was initiated in 1998 (i.e., Health and 
Population Sector Program—HPSP for 1998–2003), the government activities in the first SWAp were 
concentrated on institutional reform at the central level instead of generating changes at the facility level 
in the provision of services to the population. Both the donor and government reviews found the HPSP 
implementation to be inadequate and unsatisfactory [167, 168]. HPSP, however, served as the basis for 
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designing and implementing the follow-on SWAp (viz., HNPSP for 2005–2011), which encompassed all 
critical SWAp elements (e.g., government’s ownership, detailed program implementation plan, use of 
country systems, etc.) and enhanced health services delivery [167, 169]. Other indicators such as program 
management and financing, increase in MCH service provision, health services utilization, etc., also 
indicate that notable systemic improvements were started from the 2000s [18]. Based on this evidence, we 
argue that the health SWAp was functionally introduced in Bangladesh from the second SWAp in 2005. It 
also allows us to use adequate data points for the pre-SWAp period. 
Although statistically valid, SCA in this study resulted in a poor fitting for trends in SBA inequity 
between Bangladesh and Synthetic Bangladesh, with an RMSPE of 5.26 during the pre-SWAp period. A 
poor fit could be caused by several factors, such as using weak predictors, using outcome variables from 
problematic pre-treatment years as predictors, or using predictors for which the treated state has extreme 
values relative to the donor states [144]. For this exploratory study, we could not consider health 
expenditure data (viz., total health expenditure, government spending on health) as SCA predictors 
because Bangladesh was an outlier in terms of exceptional health achievements despite economic poverty 
and very low investment in health [114, 170]. We propose that for future research, other health-related 
sources such as routine health information system data can be explored for SCA to produce a better fit for 
trends in SBA inequity between Bangladesh and its synthetic control with a smaller RMSPE during the 
pre-SWAp period. 
Conclusions 
To our knowledge, this is the first statistical impact evaluation of health SWAp on equity in 
maternal health services in Bangladesh or anywhere else. The study contributes methodological 
knowledge on the use of SCA for evaluating SWAps and similar population-level health interventions in 
other countries as well. In this exploratory study, we found that the inequity in skilled delivery increased 
significantly during the health SWAp in Bangladesh. As Bangladesh is expected to have two more 
SWAps during 2022–2030, the government needs to implement specific policy and programmatic 
changes in the health SWAps for encouraging mothers to go to public health facilities and improving 
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facility readiness for delivery and other reproductive health services in order to achieve the relevant SDG 












CHAPTER 4: IMPLICATIONS AND CONCLUSION 
 
Main Findings 
This dissertation’s objectives were to examine how equity in maternal health services evolved in 
Bangladesh and to assess the roles of the facility readiness and the national health program on equity. 
This chapter brings together the findings from two separate analyses for the dissertation that examined the 
role of facility readiness on socio-economic equity and evaluated the impact of SWAp on equity in 
Bangladesh. 
The first dissertation paper examined how inequity in maternal health services use has evolved 
during the period 2001‒2016 and investigated if the socioeconomic equity improved more in high facility 
readiness districts than in the rest of the country by using data from three rounds of household sample 
surveys linked to health facility surveys. Our analyses documented impressive improvement in the overall 
use of maternal health services, but the increase was not uniform for all the population groups. Though 
there has been a modest but significant reduction in the inequity in antenatal care and treatment for 
complications, both the services are still used disproportionately more by women from higher wealth 
quintiles, whereas the inequity in facility delivery significantly increased by 135% during the study 
period. The nonpoor-poor gap in the high facility readiness districts increased significantly (p<0.05) faster 
than the low readiness districts, resulting in a more inequitable distribution of facility delivery. In 
addition, we also found that the nonpoor-poor gap decreased significantly (p<0.05) faster in areas <1 hour 
to a private facility than areas >1 hour away from a private facility, resulting in more equitable 
distribution. 
The SWAps for Bangladesh’s health sector were designed to extend an essential health service 
package (including maternal health services) to women, children, and the poor [39, 115–117]. The second 
dissertation paper evaluated the impact of the health SWAp in Bangladesh on equitable coverage of SBA 
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using a novel, data-driven impact evaluation technique known as SCA. We used data from a series of 
nationally representative surveys, such as the DHS and the MICS, and widely accepted and used global 
sources for Bangladesh and 16 potential control countries covering 1990–2017. The SCA optimization 
process selected three countries (Zimbabwe, Dominican Republic, and Haiti) to construct the synthetic 
control for Bangladesh (i.e., ‘Synthetic Bangladesh’) and resulted in a reasonable fitting for pre-SWAp 
trends for inequity in SBA use between Bangladesh and Synthetic Bangladesh. The inference procedures 
involving placebo test and bootstrap confidence intervals indicated a robust, statistically significant causal 
effect of the health SWAp on increasing SBA inequity in Bangladesh. Our use of SCA to evaluate the 
impact of SWAp on equity indicated that SCA methodology has potential in evaluating SWAps and 
similar population-level intervention programs where there is no natural control group. 
The findings from our dissertation analyses demonstrated that facility readiness was not 
associated with improvement in socioeconomic equity for maternal health services use, which is contrary 
to existing research and recommendations from the global health experts on health systems strengthening. 
Based on empirical evidence, we argue that the very low level of service readiness of the health facilities 
in Bangladesh might be a reason for not seeing a clear association between high facility readiness and 
equitable use of services. Apart from low facility readiness, SWAp’s unintended effect on rising inequity 
can be explained by the massive expansion of the private sector, weak stewardship and regulatory 
capacity of the government, and lack of targeted interventions for the poor under the SWAp arrangement. 
Significance of the Study 
Following a 40% reduction in MMR between 2001 and 2010, Bangladesh was considered one of 
the only nine countries on track to achieve the MDG 5 target by 2015 [32]. However, a recent survey 
found that the decline in MMR stagnated between 2010 and 2015 despite increases in maternal health 
services use (viz., ANC, facility delivery, PNC, medical care-seeking for management of pregnancy 
complications) as well as an overall socio-economic improvement [33]. Since improving equity in 
maternal health service use can improve maternal health and reduce maternal mortality [34–38], a 
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thorough assessment of the current inequity is essential for achieving the relevant SDG targets for 
Bangladesh.  
In this dissertation, we attempted to provide a comprehensive analysis of socio-economic 
inequities in the use of essential maternal health services in Bangladesh and examined the differential 
effects of facility readiness for delivery care between the poor and the rich during 2001‒2016. This 
dissertation’s findings would help understand the stagnation of maternal mortality decline in recent years 
in Bangladesh, as improving equity in maternal health service use is considered critical to reducing 
maternal mortality [34–38]. To our knowledge, this is the first examination of the role of health facility 
readiness on the use of maternal health services in Bangladesh using large-scale, comprehensive, 
nationally representative data. The empirical evidence and policy measures presented here would provide 
a way for the policymakers and the program managers to provide equitable care for safe delivery services 
in a low- or lower-middle-income country. By providing rigorous evidence on the role of different socio-
economic, demographic, and health systems determinants of maternal health services use in Bangladesh, 
the dissertation filled a crucial knowledge gap. Existing studies on maternal health equity in Bangladesh 
are either based on small geographic regions [52–56] or utilized data on demand-side factors of health 
services use [44–51].  
Many of the signatories to the Paris Declaration on Aid Effectiveness have adopted SWAp in 
different sectors (e.g., health, education, agriculture) as the preferred modality for development 
assistance, and the donors have increasingly been moving away from project-based modality to SWAp 
[118, 123]. However, due to methodological constraints, rigorous evaluation of SWAp is rarely carried 
out in any country, and it was never attempted for health SWAp in Bangladesh [18]. The findings from 
this dissertation are expected to have a high policy impact by providing evidence on the effectiveness of 
the health SWAp on equity. The dissertation findings will also help the government and the donors to 





The main strength of the analyses in this dissertation lies in the generalizability of the results. The 
findings from research paper 1 were drawn from data collected in three rounds of large, nationally 
representative, household sample surveys. Also, for evaluating the impact of SWAp in research paper 2, 
we used multiple rounds of nationally representative household sample surveys.  
There are two main innovative features of this dissertation analysis: (i) linking household- and 
facility-level data to examine how both supply-side factors influencing equity in maternal health services 
use; and (ii) evaluating the impact of SWAp for Bangladesh’s health sector using a rigorous, data-driven 
approach. Bangladesh is the only low- or middle-income country with three large, nationally 
representative, high-quality household surveys focused on the measurement of maternal mortality and 
service use [32]. We used data from these surveys, which can measure robust maternal care-seeking 
estimates up to the district level for the study period (i.e., between 2001 and 2016). To our knowledge, 
this is the first examination of the role of various factors affecting maternal health equity in Bangladesh 
using such comprehensive nationally representative data. Linking sample household surveys and health 
facility data enabled us to answer relevant questions on socio-economic attributes and health systems 
capacity, which would not be otherwise possible. Being able to link data from the two sources offered 
greater insight into how the service readiness at health facilities can influence care-seeking behavior and, 
therefore, affect maternal health equity. On the other hand, the use of novel statistical impact evaluation 
techniques such as SCA by utilizing data from nationally representative surveys have never been used in 
Bangladesh or anywhere else. This would be the first attempt to evaluate SWAp’s impact on equity.  
A number of methodological limitations of the dissertation analyses should be mentioned as well, 
which were largely related to the nature of the data used. First, all analyses in research paper 1 relied on 
women’s recall of details about the ANC and delivery care that they received for a live birth up to three 
years preceding the survey. There is a possibility of recall bias in their responses despite rigorous training 
for the field interviewers and data quality checks. Second, linking the readiness of health facilities to 
surveyed households at the sampled cluster level was not possible since the BHFS/SPA and BMMS 
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surveys were sampled independently. Instead, we linked facilities and households at the district level, 
which provides information on the ‘existing service environment’ for the survey respondents. Third, the 
data availability of potential structural/programmatic covariates was not uniform across the BHFS/SPA 
survey rounds, and we had to impute district hospitals’ readiness scores for 1999‒2000. Fourth, for the 
comparison countries in research paper 2, we collated aggregated data from both DHS and MICS surveys 
and used linear interpolation to create a balanced dataset covering 1990‒2017. Lastly, we considered the 
‘time of treatment’ for the health SWAp in Bangladesh to be different from the official date of SWAp 
implementation based on empirical arguments. 
Based on the findings and analytical approaches used for this dissertation, we also identified 
several areas for further research. For example, the data sources used for research paper 1 did not collect 
information on ideation and norms in maternal health services use, which remains a gap in this analysis. 
Further research is needed to understand beliefs and social/cultural norms around pregnancy, delivery and 
postpartum, and their relation to service utilization and quality of care in health facilities. Also, the 
readiness of health facilities was used in research paper 1 based on the physical attributes of a health 
facility because information on the quality of care or respectful maternity care was not available. 
In addition, given Bangladesh’s SWAp implementation experience and a steady improvement in 
key maternal and child health outcomes over the last 20 years, why health SWAps resulted in an 
increased inequity in SBA use needs a thorough examination. 
Policy and Programmatic Implications 
Based on this study’s findings and review of the experiences from low- and middle-income 
countries implementing universal health coverage to improve equity in maternal health services 
utilization, this dissertation outlined several recommendations to be pursued in the short and medium 
terms. As Bangladesh is expected to have two more SWAps during 2022–2030, the government may 
consider an incremental process to implement the following policy and programmatic changes for 
achieving the relevant SDG targets:  
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1. Test and expand effective social protection schemes for health: The equiplots in our analysis 
indicated only a modest reduction in the gap between the poorest and the richest quintiles for ANC 
and treatment of delivery complications, but a notable increase in the gap between the poorest and the 
richest wealth quintiles for facility delivery. The government has various social protection schemes 
targeted to specific vulnerable population groups. In order to provide financial protection for the poor 
against health services use and catastrophic health expenditures, the existing social protection 
schemes need to be linked with health services to improve equity. The government and the civil 
society should also explore community mobilization and behavior change communication activities to 
effectively address the social and cultural barriers of maternal health service use, particularly 
targeting the vulnerable population groups that are the least likely to use maternal health services.  
2. Ensure provision and readiness of selected high-impact maternal health services at all levels: In 
order to improve equity in maternal health services use, the Government of Bangladesh needs to 
focus on key reproductive health services with evidence to have a high impact in improving maternal 
health [109]. The interventions may include full-component ANC for pregnant women and delivery 
care with the management of delivery complications. To increase the service capacity and readiness 
of health facilities, the government needs to ensure an adequate supply of drugs and medical 
commodities along with build, allocate, and retain the capacity of skilled providers in the public 
health facilities at all levels [105]. Studies clearly indicated that the performance of innovative 
mechanisms (e.g., targeted services delivery, demand-side financing, etc.) in reducing maternal health 
inequity also depends on the health system’s capacity to provide quality services [96–99].  
3. Increase the share of the public sector for delivery services: Evidence from South and Southeast 
Asian countries indicated that increasing the public provisions of healthcare can accelerate progress 
towards equitable coverage of health services [110]. Major financial and institutional reforms under 
the SWAp need to be implemented to improve service readiness and quality at the primary level, as it 
is more efficient to increase utilization of inpatient and outpatient health services at lower levels of 
the service delivery system [111]. In addition, more rational planning in the proliferation of health 
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facilities is needed—we recommend that the government should start with expanding the provision 
deliveries in public sector health facilities by operationalizing 4,546 Union Health Centers across the 
country, each serving on average 30,000‒35,000 population, for conducting normal deliveries and 
referral of complicated pregnancies to higher facilities. 
4. Strengthening the government’s stewardship and regulatory roles in the health sector: The Ministry 
of Health and Family Welfare (MOHFW) is responsible for the formulation, implementation, 
management, coordination, and regulation of national health, nutrition, and population-related 
activities, programs, and policies. In order to ensure that all health sector stakeholders, including the 
private sector, adhere to policies, procedures, and quality standards of health services delivery, the 
MOHFW needs to take a stronger regulatory and stewardship role. Strengthening governance would 
require an emphasis on leadership and management capacity building, formulating and updating 
regulations, and building transparency and accountability across the sector [39].  
Conclusions  
Lessons from Bangladesh’s maternal and child health services delivery and service utilization 
during the last two decades have important implications for policymakers and public health researchers in 
low- and middle-income countries [114]. The empirical evidence presented in the dissertation provides 
insight into what can be replicated in similar low- and lower-middle-income countries to better 
understand maternal health equity. The recommendations presented here provide a way forward for the 





APPENDIX 1: OBSTETRIC CARE READINESS INDICATORS AND DEFINITIONS 
 
Domain/ Indicator Name Definition  Data availability 1999 2011 2017 
Domain A: Comprehensive emergency obstetric care signal functions 
Parenteral administration of 
antibiotics 
Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y 2 Y 3 Y 
Parenteral administration of 
uterotonic drugs/ oxytocin 
Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y Y 4 Y 
Parenteral administration of 
anticonvulsants for 
hypertensive disorders of 
pregnancy 
Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment Y Y
5 Y 
Assisted vaginal delivery 
 
Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y Y 6 Y 
Removal of retained 
products 
 
Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y Y 7 Y 
Cesarean section Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y Y Y 
Blood transfusion Facility performed this signal function for emergency 
obstetric care at least once during the three months before 
the assessment 
Y Y Y 
Domain B: Newborn signal functions and immediate care 
Neonatal resuscitation Facility performed neonatal resuscitation at least once 
during the three months before the assessment Y Y
8 Y 
Domain C: General requirements 
Electricity Facility is connected to a central power grid, or the facility 
had a functioning generator. Y Y Y 
Improved water source Facility has an improved water source available. For most 
countries, this means that water is piped into the facility or 
onto facility grounds, or else water comes from a public tap 
or standpipe, a tube well or borehole, a protected dug well, 
protected spring, rainwater, or bottled water, and the outlet 
from this source is within 500 meters of the facility. 
Y Y Y 
Improved sanitation Facility has a functioning flush or pour-flush toilet, a 
ventilated improved pit latrine, or composting toilet. Y Y Y 
 
2  For the 9 signal functions below, timeframe (last 3 months) not considered as data not available 
3  Gentamycin is available as injections only—the rest are for both parenteral/oral administration 
4  Continuously available in the past 30 days 
5  Continuously available in the past 30 days; diazepam and antihypertensive medications available are usually orally 
administered 
6 Regularly used vacuum extractor/forceps 
7  Regularly used manual vacuum aspirator/suction bulb 
8  Regularly used Resuscitation bag for newborn 
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Capacity for laboratory 
tests 
Facility has a functioning laboratory to conduct basic 
diagnostic tests. Y
9 Y 10 Y 11 
24/7 Skilled birth 
attendance 
Provider of delivery care available on-site or on-call 24 
hours/day, with observed duty schedule. Y Y Y 
Emergency transport The facility had a functioning ambulance or other vehicle 
for emergency transport. Y Y Y
12 
Delivery bed At least one delivery bed available and observed in 
delivery area. Y
13 Y 14 Y 
Domain D: Equipment 
Sterilization equipment Facility reports that some instruments are processed in the 
facility and the facility has a functioning electric dry heat 
sterilizer, a functioning electric autoclave. 
Y Y Y 
Delivery pack Delivery pack OR cord clamp, episiotomy scissors, 
scissors/lade to cut cord, suture material with need, and 
needle holder all available in delivery area. 
Y Y 15 Y 
Infant scale Infant scale observed and functioning in delivery area. Y Y Y 
Adult scale Adult weighing scale observed and functioning in delivery 
area. Y Y Y 
Blood pressure apparatus  Manual or digital blood pressure apparatus observed and 
functioning in delivery area. Y Y Y 
Stethoscope Stethoscope observed and functioning in delivery area. Y Y Y 
Domain E: Medicines and commodities 
Injectable antibiotic Injectable antibiotics observed in delivery area (i.e., at 
“service site”) and at least one dose valid. Y
16 Y 17 Y 
Injectable uterotonic Oxytocin observed in delivery area with at least one dose 
valid. Y
18 Y Y 
Magnesium sulfate Magnesium sulfate available in delivery area with at least 
one dose valid. Y Y Y 
IV solution with infusion 
set 
IV solution with infusion set available in delivery area with 
at least one set valid. Y
19 Y Y 
Chlorhexidine for cord 
cleaning 
Chlorhexidine solution (4%) for umbilical cord cleaning 
available in delivery area, with at least one dose valid. Y
20 Y 21 Y 
Antibiotic eye ointment for 
newborn 
Tetracycline eye ointment for newborns available in 
delivery area and at least one dose valid. Y




9 Routine blood and urine tests 
10 CBC, anemia, urine for R/M/E, blood glucose, pregnancy tests 
11 Any hemoglobin, any blood glucose, any urine chemistry testing 
12 Either the facility has onsite or has access to  
13 Availability of beds in facilities providing maternal services considered  
14 Availability of beds in facilities providing maternal services considered 
15 Delivery kit (instruments, supplies) available, complete or incomplete 
16 Cloxacillin, Ampicillin, Gentamycin and Metronidazole considered (not Amoxycillin) 
17 Except Gentamycin, others are available both in injectable and tablet/capsule forms 
18 Syntocenon, Ergometrin considered (Misoprostol data not collected)  
19 IV fluid only (infusion set data not collected) 
20 Gentian violet considered (Chlorhexidine data not collected) 
21 Clorohexidine or cetrimide solution 1 litre 
22 Chloramphenicol considered (Tetracycline data not collected) 
23 Eye drops or ointment for newborn 
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APPENDIX 2: LPM COEFFICIENTS TO MEASURE INEQUITY BY FACILITY READINESS 
 
Equation (2) presented in the Methods section has the following specification:  
 
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽3𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 
                                                 +𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽8𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖  ……. (2) 
 
where, 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 is the outcome of interest for individual i who lives in district j at time t.  𝑆𝑆 takes the value of 1 
if the woman’s socioeconomic status is nonpoor and 0 if poor. 𝑇𝑇 is a vector of time dummies to represent 
the BMMS survey rounds. For the illustration of how to derive LPM coefficients in this appendix, the time 
dummy takes the value of 1 if the BMMS survey round is 2016 and 0 if 2001. A similar derivation process 
will be used LPM coefficients between 2001 and 2010. 𝑍𝑍 is an indicator variable that takes the value of 1 
if the woman lives in a district with high facility readiness and 0 otherwise. 𝑋𝑋 are the control variables. 
 
For nonpoor (i.e., 𝑆𝑆𝑖𝑖𝑖𝑖= 1), equation (2) becomes 
 
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 + (𝛽𝛽2 + 𝛽𝛽3)𝑇𝑇𝑖𝑖 + (𝛽𝛽4 + 𝛽𝛽5)𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖    ……. (3) 
 
For poor (i.e., 𝑆𝑆𝑖𝑖𝑖𝑖=0), equation (2) becomes 
 
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖        ……. (4) 
 
Therefore, socioeconomic inequity can be measured by subtracting (4) from (3),  
 
                    𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑡𝑡𝑦𝑦 = 𝛽𝛽1 + 𝛽𝛽3𝑇𝑇𝑖𝑖 + 𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖        ……. (5) 
 
For districts with low facility readiness (i.e., 𝑍𝑍𝑖𝑖𝑖𝑖= 0), equation (5) at baseline (i.e., 𝑇𝑇𝑖𝑖= 0), becomes 
 
                    𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑡𝑡𝑦𝑦 = 𝛽𝛽1           ……. (6) 
   
For districts with low facility readiness (i.e., 𝑍𝑍𝑖𝑖𝑖𝑖= 0), equation (5) at endline (i.e., 𝑇𝑇𝑖𝑖= 1), becomes 
 
                    𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑡𝑡𝑦𝑦 = 𝛽𝛽1 + 𝛽𝛽3          ……. (7) 
 
For districts with high facility readiness (i.e., 𝑍𝑍𝑖𝑖𝑖𝑖= 1), equation (5) at baseline (i.e., 𝑇𝑇𝑖𝑖= 0), becomes 
 
                    𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑡𝑡𝑦𝑦 = 𝛽𝛽1 + 𝛽𝛽5          ……. (8) 
   
For districts with high facility readiness (i.e., 𝑍𝑍𝑖𝑖𝑖𝑖= 1), equation (5) at endline (i.e., 𝑇𝑇𝑖𝑖= 1), becomes 
 
                    𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑡𝑡𝑦𝑦 = 𝛽𝛽1 + 𝛽𝛽3 + 𝛽𝛽5 + 𝛽𝛽7         ……. (9) 
 
The change in socioeconomic inequity in low facility readiness districts during the study period can be 
measured as: (7) – (6) = [𝛽𝛽1 + 𝛽𝛽3] − 𝛽𝛽1 = 𝛽𝛽3       ……. (10) 
 
The change in socioeconomic inequity in high facility readiness districts during the study period can be 
measured as: (9) – (8) = [𝛽𝛽1 + 𝛽𝛽3 + 𝛽𝛽5 + 𝛽𝛽7] − [𝛽𝛽1 + 𝛽𝛽5] = 𝛽𝛽3 + 𝛽𝛽7   ……. (11) 
 
Therefore, the difference in the changes in socioeconomic inequity between high and low facility readiness 
districts during the study period can be measured as follows: (11) – (10) = [𝛽𝛽3 + 𝛽𝛽7]− 𝛽𝛽3 = 𝛽𝛽7.
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APPENDIX 4: EFFECT OF ACCESS TO PRIVATE FACILITIES ON EQUITY 
 
Background Characteristics Skilled ANC Facility delivery 
Complication 
treatment 
Woman’s age at birth (reference category: <18 years) 
     18-24 0.039** 0.035** 0.054** 
     25-29 0.085** 0.091** 0.108** 
     30-34 0.113** 0.127** 0.141** 
     35-39 0.088** 0.134** 0.159** 
     40-49 0.079** 0.135** 0.165** 
Parity (reference category: 1) 
     2-3 -0.073** -0.098** -0.063** 
     4 or more -0.161** -0.169** -0.100** 
Place of residence (reference category: urban) 
     Rural -0.079** -0.083** -0.059** 
Women’s education (reference category: no schooling) 
     Any primary 0.096** 0.016** 0.060** 
     Secondary incomplete 0.229** 0.114** 0.164** 
     Secondary complete or higher 0.346** 0.317** 0.280** 
Time to reach the nearest public health facility (reference category: >1 hour) 
     <1 hour 0.058** 0.023** 0.038** 
Facility readiness (reference category: low readiness) 
     High readiness -0.021* -0.005 -0.021* 
Socioeconomic status (reference category: poor) 
     Nonpoor 0.138** 0.014* 0.080** 
Survey round (reference category: 2001) 
     2010 0.013 0.017* 0.043* 
     2016 0.142** 0.113** 0.142** 
Interaction between socioeconomic status and survey round 
     Nonpoor×2010 0.008 0.095** 0.041† 
     Nonpoor×2016 0.051* 0.152** -0.014 
Time to reach the nearest private health facility (reference category: >1 hour) 
     <1 hour 0.008 -0.009 0.012 
Interaction between time to reach the nearest private health facility and survey round 
     <1 hour×2010 0.008 0.030* -0.008 
     <1 hour×2016 0.055* 0.109** 0.032 
Interaction between socioeconomic status and time to reach the nearest private health facility 
     Nonpoor×<1 hour 0.008 0.006 0.013 
Interaction between socioeconomic status, time to reach private facility, and survey round 
     Nonpoor×<1 hour×2010 0.022 0.016 -0.016 
     Nonpoor×<1 hour×2016 -0.063* 0.005 -0.003 
Constant 0.287** 0.114** 0.123** 
Nonpoor×2010 + Nonpoor×<1 hour×2010 0.030 0.112** 0.025 
Nonpoor×2016 + Nonpoor×<1 hour×2016 -0.012 0.156** -0.017 
Nonpoor + Nonpoor×2010 0.146** 0.109** 0.121** 
Nonpoor + Nonpoor×2016 0.189** 0.165** 0.066* 
Nonpoor + Nonpoor×<1 hour 0.146** 0.019    0.093** 
Nonpoor + Nonpoor×2010 + Nonpoor×<1hr + 
Nonpoor×<1hr×2010 0.176
** 0.131** 0.118** 
Nonpoor + Nonpoor×2016 + Nonpoor×<1hr + 
Nonpoor×<1hr×2016 0.134
** 0.176** 0.076** 




APPENDIX 5: EFFECTS OF FACILITY READINESS AND ACCESS TO PRIVATE HEALTH 
FACILITIES ON EQUITY 
 
To examine the differential effects of facility readiness and distance to a private facility on socioeconomic 
equity in service use, equation (2) presented in the Methods section was extended as follows:  
 
𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽3𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 
                  +𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖   
                  +𝛽𝛽8𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽9𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽11𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽12𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑆𝑆𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽13𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖   (12) 
 
where, 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 is the outcome of interest for individual i who lives in district j at time t.  𝑆𝑆 takes the value of 1 
if the woman’s socioeconomic status is nonpoor and 0 if poor. 𝑇𝑇 is the time dummy that takes the value of 
1 if the BMMS survey round is 2010 (or 2016) and 0 if 2001. 𝑍𝑍 is an indicator variable that takes the value 
of 1 if the woman lives in a district with high facility readiness and 0 otherwise. 𝑃𝑃 is also an indicator 
variable that takes the value of 1 if the woman lives in a cluster with <1 hour distance from the nearest 
private facility and 0 otherwise. 𝑋𝑋 are the control variables. 
  
For nonpoor (i.e., S=1), equation (12) becomes 
 
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽3𝑇𝑇𝑖𝑖 + 𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 
                                      +𝛽𝛽8𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽9𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽11𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽12𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖   …. (13) 
 
For poor (S=0), equation (12) becomes 
 
                    𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽2𝑇𝑇𝑖𝑖 + 𝛽𝛽4𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽8𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖    …. (14) 
 
Therefore, socioeconomic inequity can be measured by subtracting (14) from (13), 
  
Inequity = 𝛽𝛽1 + 𝛽𝛽3𝑇𝑇𝑖𝑖 + 𝛽𝛽5𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽7𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽9𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽11𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖 + 𝛽𝛽12𝑍𝑍𝑖𝑖𝑖𝑖 ∙ 𝑃𝑃𝑖𝑖𝑖𝑖 ∙ 𝑇𝑇𝑖𝑖  …. (15) 
 
For low readiness (Z=0), far private facilities (P=0) at baseline (T=0): 
 
Inequity = 𝛽𝛽1 
 
For low readiness (Z=0), far private facilities (P=0) at endline (T=1): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽3 
 
For high readiness (Z=1), far private facilities (P=0) at baseline (T=0): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽5 
 
For high readiness (Z=1), far private facilities (P=0) at endline (T=1): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽3 + 𝛽𝛽5 + 𝛽𝛽7 
 
For low readiness (Z=0), close private facilities (P=1) at baseline (T=0): 
 





For low readiness (Z=0), close private facilities (P=1) at endline (T=1): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽3 + 𝛽𝛽9 + 𝛽𝛽11 
 
For high readiness (Z=1), close private facilities (P=1) at baseline (T=0): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽5 + 𝛽𝛽9 
 
For high readiness (Z=1), close private facilities (P=1) at endline (T=1): 
 
Inequity = 𝛽𝛽1 + 𝛽𝛽3 + 𝛽𝛽5 + 𝛽𝛽7 + 𝛽𝛽9 + 𝛽𝛽11 + 𝛽𝛽12 
 
Change in inequity over time for high readiness (Z=1), close private facilities (P=1) = 𝛽𝛽3 + 𝛽𝛽7 + 𝛽𝛽11 + 𝛽𝛽12 
 
Change in inequity over time for low readiness (Z=0), close private facilities (P=1) = 𝛽𝛽3 + 𝛽𝛽11 
 
Change in inequity over time for high readiness (Z=1), far private facilities (P=0) = 𝛽𝛽3 + 𝛽𝛽7 
 
Change in inequity over time for low readiness (Z=0), far private facilities (P=0) = 𝛽𝛽3 
 
Therefore, the difference in the changes in socioeconomic inequity between the areas with >1 hour and <1 
hour distance to private facilities as well as low and high facility readiness districts during the study 
period can be measured as follows:  
 
[(𝛽𝛽3 + 𝛽𝛽7 + 𝛽𝛽11 + 𝛽𝛽12)− ( 𝛽𝛽3 + 𝛽𝛽11)] − [( 𝛽𝛽3 + 𝛽𝛽7)−  𝛽𝛽3] =  𝛽𝛽12. 
 
Table 5-1. LPM estimates of the differential effects of facility readiness and distance to private 
facility on socioeconomic equity in service use, Bangladesh 2001‒2016 
Background Characteristics Skilled ANC Facility delivery 
Complication  
treatment 
Woman’s age at birth (reference category: <18 years) 
      18-24 0.039** 0.035** 0.054** 
      25-29 0.085** 0.091** 0.108** 
      30-34 0.113** 0.126** 0.141** 
      35-39 0.088** 0.134** 0.159** 
      40-49 0.079** 0.135** 0.165** 
Parity (reference category: 1) 
      2-3 -0.073** -0.098** -0.063** 
      4 or more -0.161** -0.169** -0.100** 
Place of residence (reference category: urban) 
      Rural -0.077** -0.082** -0.059** 
Women’s education (reference category: no schooling) 
      Any primary 0.096** 0.016** 0.059** 
      Secondary incomplete 0.229** 0.114** 0.163** 
      Secondary complete or higher 0.346** 0.318** 0.280** 
Time to reach the nearest public health facility (reference category: >1 hour) 
      <1 hour 0.059** 0.024** 0.037** 
Facility readiness (reference category: low readiness) 
      High readiness -0.014 -0.007 0.002 




      2010 0.012 0.010 0.045* 
      2016 0.140** 0.122** 0.169** 
Interaction between facility readiness and survey round 
      High×2010 0.005 0.020 -0.005 
      High×2016 0.006 -0.031 -0.092† 
Socioeconomic status (reference category: poor) 
      Nonpoor 0.146** 0.015† 0.086** 
Interaction between socioeconomic status and survey round 
      Nonpoor×2010 0.000 0.099** 0.039 
      Nonpoor×2016 0.054* 0.143** -0.029 
Time to reach the nearest private health facility (reference category: >1 hour) 
      <1 hour 0.013 -0.018* 0.022 
Interaction between time to reach the nearest private health facility and survey round 
      <1 hour×2010 0.008 0.038* -0.017 
      <1 hour×2016 0.051 0.129** 0.007 
Interaction between socioeconomic status and time to reach the nearest private health facility 
      Nonpoor×<1 hour 0.006 0.010 0.012 
Interaction among socioeconomic status, time to reach the nearest private facility, and survey round 
      Nonpoor×<1 hour×2010 0.016 -0.004 -0.020 
      Nonpoor×<1 hour×2016 -0.072* -0.013 0.004 
Interaction between socioeconomic status and facility readiness 
      Nonpoor×High -0.025 -0.005 -0.020 
Interaction between facility readiness and time to reach the nearest private facility 
      High×<1 hour -0.015 0.026* -0.035 
Interaction among socioeconomic status, facility readiness, and time to reach the nearest private facility 
      Nonpoor×High×<1 hour 0.006 -0.008 0.000 
Interaction among socioeconomic status, facility readiness, and survey round 
      Nonpoor×High×2010 0.025 -0.012 0.007 
      Nonpoor×High×2016 -0.013 0.030 0.054 
Interaction among facility readiness, time to reach the nearest private facility, and survey round 
      High×<1 hour×2010 -0.006 -0.021 0.031 
      High×<1 hour×2016 0.008 -0.057 0.085 
Interaction among socioeconomic status, facility readiness, time to reach the nearest private facility, and survey 
round 
      Nonpoor×High×<1 hour×2010 0.021 0.051 0.012 
      Nonpoor×High×<1 hour×2016 0.032 0.051 -0.022 
Constant 0.284** 0.113** 0.117** 






APPENDIX 6: METHODS OF CONSTRUCTING SYNTHETIC CONTROL 
 
Due to the design and scope of implementation, several key requirements of a robust impact 
evaluation design (e.g., control groups, counterfactuals) are absent for a sector-wide approach (SWAp). 
For this reason, assessing the impact of a SWAp poses particular methodological challenges. In public 
health research, researchers are often interested in estimating the effects of events or policy interventions 
like SWAp that take place at an aggregate level and affect aggregate entities, such as geographic or 
administrative areas. Comparative case studies are regularly used for estimating the effects of such events 
or interventions, where researchers estimate the evolution of aggregate outcomes (e.g., mortality rates, 
average income, etc.) for a unit affected by a particular occurrence of the event or intervention of interest 
and compare it to the evolution of the same aggregates estimated for some control group of unaffected 
units [140]. In order to assess the maternal health equity impact of moving from a project-based approach 
to a SWAp for the health sector in Bangladesh, we will use a novel, data-driven statistical procedure 
known as synthetic control analysis (SCA) to construct a suitable comparison group and address the 
problem of not having an ideal control group. As shown by Abadie and Gardeazabal (2003), a data-driven 
procedure like SCA can eliminate the major limitations of comparative case study research by reducing 
discretion in the choice of the comparison control units and forcing researchers to demonstrate the 
affinities between the affected and unaffected units using observed quantifiable characteristics [148]. 
We constructed a synthetic control to mimic the equity trajectories of Bangladesh for selected 
maternal health services use indicators before the SWAp for the health sector was introduced—the idea 
behind constructing this synthetic control is that a combination of countries will provide a better 
comparison for Bangladesh exposed to the intervention than any single country alone [140]. The main 
idea of SCA is to use the pre-treatment periods to estimate weights such that a weighted average of the 
control units reconstructs the pre-treatment outcomes of the treated unit. Then these weights are used to 
compute the counterfactual of the treated unit in the case it was not treated. In the following, we outline 






For a data-driven procedure like SCA, preliminary criteria for selecting countries is data 
availability—large household sample surveys like Demographic and Health Survey (DHS) supported by 
the United States Agency for International Development (USAID) and Multiple Indicator Cluster Survey 
(MICS) supported by United Nations Children’s Fund (UNICEF) are appropriate sources to provide 
comparable nationally representative data on health- and equity-related outcome(s) at regular intervals. 
Both these surveys use a multi-stage cluster sampling design in all surveys. In general, clusters (usually 
enumeration areas or EAs) were selected with probability proportional to population size within urban 
and rural domains in each major administrative area (e.g., province, state, or division). In the second 
stage, a sample of households was selected from the household listings for each EA. In each selected 
household, ever-married women of reproductive age (i.e., between 15 and 49 years) were included in the 
surveys, along with children and men based on the aim and scope of the surveys. Both MICS and DHS 
collect information on the utilization of reproductive health services and household asset information (the 
latter is to construct household wealth quintiles as a proxy of socioeconomic status for equity analysis).  
For SCA, we selected the study period as 1990–2017 to allow sufficient data points before and 
after the introduction of SWAp for Bangladesh’s health sector. From DHS and MICS websites, we listed 
the countries which have multiple rounds of surveys at regular intervals covering this period [127, 128]. 
Based on these criteria, 40 countries, including Bangladesh, were selected at the first stage. SCA requires 
that the units pertaining to synthetic control not be exposed to similar treatment or policy change like the 
treatment unit, and therefore we followed the procedure used by Sweeney and colleagues to identify 23 
countries from the previously selected list (primarily using the International Health Partnerships Plus 
[IHP+] Country Planning Cycle Database and literature review), which have not implemented a SWAp 
for health sector during the study period [119, 129–131]. Tables 6-1, 6-2, and 6-3 below show the 













































































































1990     § D D           § §  § 
1991    D                  
1992  D       D   D          
1993 D†  D  D   D              
1994    D      D           D 
1995 M D M   M M  M  M M   M  M M    
1996 D M  M    M D M   M M  M    M M 
1997    D                D  
1998   D  D   D  D  D         D 
1999 D     D†  M M             
2000  D  M M     M M M M M D M M M M M M 
2001         D             
2002    D                D  
2003   D  D D  D             D 
2004 D             M        
2005  D        D  D    M      
2006 M  M    D   M D  M      M M  
2007 D  D D  M   D      M       
2008  D D  D D  D             D 
2009              M   M     
2010           M     M  M  M  
2011 D  M   M    D   M  M    M   
2012 M   D   D               
2013      D  D D       M    M  
2014 D D D  D      M   M    M    
2015            D   M  D     
2016      M    M           D 
2017 D  D D   D D     M         
2018   M   D   D   D  M D M   M   
                      
SWAp? Y N Y N N N N N Y N Y N N Y Y Y N Y N Y N 
Note 1: Lower middle-income countries (LMICs) are economies with a GNI per capita between $996 and $3,895, calculated 
using the World Bank Atlas Method [15]. 
Note 2: D—Standard Demographic and Health Survey (DHS); M—Multiple Indicator Cluster Survey (MICS) [127, 128]. 
Note 3: Swaziland changed its name to eSwatini in April 2018. 
Note 4: Cells marked with § have immediately prior (i.e., 1988 or 1989) information available. 
Note 5: Cells marked with † have both DHS and MICS. 
Note 6: Y—has implemented a health sector-wide approach (SWAp) anytime between 1990 and 2015; N—does not have health 
SWAp in the country and hence would be considered for constructing synthetic control for Bangladesh [119, 130, 131]. 
 
 
























































1990      § §     § § 
1991           D   
1992     D   D D D    
1993              
1994   D          D 
1995 M   M M D      D  
1996  M    M D M  M D   
1997          D    
1998        D      
1999          D D  D 
2000 D M D  D   M D M  D  
2001      D D       
2002              
2003              
2004     D      D   
2005 D M D      D D   D 
2006     M D D D    D  
2007    D          
2008              
2009      M       M 
2010  M   D    D D D  D 
2011 D      D     D  
2012   D   D  D  D    
2013  D  D M         
2014       M  D D   M 
2015     D M    D D  D 
2016 D  D    D   D  D  
2017        D  D    
2018  M    D        
              
SWAp? N N N N Y Y Y Y Y Y Y Y N 
Note 1: Low-income countries (LICs) are economies with a GNI per capita less than $996, calculated using the World Bank 
Atlas Method [15]. 
Note 2: D—Standard Demographic and Health Survey (DHS); M—Multiple Indicator Cluster Survey (MICS) [127, 128]. 
Note 3: Cells marked with § have immediately prior (i.e., between 1987 and 1989) information available. 
Note 4: Cells marked with † have both DHS and MICS. 
Note 5: Y—has implemented a health sector-wide approach (SWAp) anytime between 1990 and 2015; N—does not have health 







































1990 D  § D   
1991  D   D  
1992       
1993      D 
1994       
1995 D  D   M 
1996  D   D  
1997    D   
1998   D   D 
1999  D     
2000 D M   D  
2001       
2002  D  D   
2003      D 
2004     D  
2005 D      
2006       
2007  D  D D  
2008      D 
2009     D  
2010 D    D  
2011     D  
2012    D D  
2013  D   D D 
2014  M D  D  
2015 D      
2016       
2017    D   
2018      D 
       
SWAp? N N N N N N 
Note 1: Upper middle-income countries (UMICs) are economies with a GNI per capita between $3,896 and $12,055, calculated 
using the World Bank Atlas Method [15]. 
Note 2: D—Standard Demographic and Health Survey (DHS); M—Multiple Indicator Cluster Survey (MICS) [127, 128]. 
Note 3: Cells marked with § have immediately prior (i.e., 1988 or 1989) information available. 
Note 4: Cells marked with † have both DHS and MICS. 
Note 5: Y—has implemented a health sector-wide approach (SWAp) anytime between 1990 and 2015; N—does not have health 
SWAp in the country and hence would be considered for constructing synthetic control for Bangladesh [119, 130, 131, 171]. 
 
Development of dataset 
From the DHS and MICS final reports, survey estimates on the coverage of selected reproductive 
health indicators (viz. antenatal care for a medically trained provider, four or more antenatal care during 




survey round. For the data points between two consecutive survey rounds, linear interpolation was used. 
During this exercise, we found that seven out of the 23 countries selected earlier do not have adequate 
data points to cover the study period. These countries (viz., Bolivia, Ethiopia, Gambia, Lao PDR, Liberia, 
Myanmar, and Tunisia) are dropped from the final list of potential countries for constructing synthetic 
control. For each of the remaining countries, including Bangladesh, we also plotted annual aggregate data 
for relevant indicators (e.g., macroeconomic performance, health expenditure, health sector efficiency, 
government capacity, etc.) from other widely accepted and used global sources for weighting and 
constructing the synthetic control (see Table 6-4). Overall SBA level and  SBA use among the poorest 
and the richest wealth quintiles from DHS/MICS data are provided in Figure 6-1. 


































































































































































































Bangladesh BGD LMIC 164.7 1,470 34 88 133 22.1 20.7 
Côte d’Ivoire CIV LMIC 24.3 1,580 68 137 187 21.6 38.0 
Egypt EGY LMIC 97.6 3,010 131 63 111 29.3 17.3 
India IND LMIC 1339.2 1,800 63 112 145 56.7 42.3 
Indonesia IDN LMIC 264.0 3,540 112 92 138 54.8 51.9 
Kenya KEN LMIC 49.7 1,460 66 140 150 40.9 43.8 
Nigeria NGA LMIC 190.9 2,100 79 187 142 16.4 16.8 
Pakistan PAK LMIC 197.0 1,580 40 122 154 31.2 29.3 
Philippines PHL LMIC 104.9 3,660 129 60 124 51.9 55.8 
Haiti HTI LIC 11.0 760 38 138 168 1.0 8.2 
Zimbabwe ZWE LIC 16.5 1,170 94 155 174 11.5 3.8 
Colombia COL UMIC 49.1 5,890 340 22 81 51.4 65.9 
Dominican R. DOM UMIC 10.8 6,630 414 51 106 38.9 52.9 
Guatemala GTM UMIC 16.9 4,060 214 78 123 26.9 41.8 
Jordan JOR UMIC 9.7 3,980 224 83 74 57.7 57.7 
Peru PER UMIC 32.2 5,960 316 129 94 48.6 67.3 
Turkey TUR UMIC 80.7 10,940 469 70 60 55.3 57.2 
Note 1: Data are for 2016/17 unless stated otherwise. 
Note 2: Country abbreviations are based on World Bank Country Codes [15]. 
Note 4: Percentile ranking for 2017 in government effectiveness and regulatory quality among all countries ranges from 0 
(lowest) to 100 (highest) rank. Details on the underlying data sources, the aggregation method, and the interpretation of the 
indicators can be found in the WGI methodology paper [173]. 
Note 5: From the final list, Bolivia, Ethiopia, Gambia, Lao PDR, Liberia, Myanmar, and Tunisia are dropped due to the 









APPENDIX 7: SCA SENSITIVITY ANALYSIS 
 
Sensitivity analysis aims to ensure that the SCA results are not produced due to a single 
influential country in the synthetic control [156].  We followed the steps outlined below to carry out the 
sensitivity analysis in this paper: 
1) We removed the country with the highest unit weight (Zimbabwe, see Table 6) and ran the SCA 
using the restricted group of potential control countries.  
2) We removed Zimbabwe and the Dominican Republic to re-ran the SCA. 
3) Finally, we removed Zimbabwe, the Dominican Republic, and Haiti to re-ran the SCA. 
4) We tabulated the estimated effect size with statistical significance (see Table 7-1) and compared 
with the estimated effect size (and statistical significance) from our original analysis in Table 8.  
Table 7-1. Estimation of effect size with statistical significance for the restricted groups of potential 
control countries 
 
Restriction on potential controls Year Effect size (95% bootstrap interval) p-value 
Restricted group 1: Without ZWE 
2002‒2004 4.60 (4.952, 8.161) 0.12 
2004 6.41 (6.406, 10.498) 0.12 
2006 11.36 (11.355, 15.759) 0.12 
2006‒2008 11.91 (11.905, 16.654) 0.19 
2017 17.76 (17.753, 27.617) 0.06 
1990‒2004 ‒0.64 (‒1.557, ‒0.596) 0.81 
2006‒2017 15.74 (15.737, 22.984) <0.001 
Restricted group 2: Without ZWE 
and DOM 
2002‒2004 6.55 (3.733, 9.996) 0.20 
2004 8.37 (8.566, 13.119) 0.20 
2006 14.67 (14.445, 23.038) <0.001 
2006‒2008 16.22 (14.754, 26.46) <0.001 
2017 27.52 (20.167, 47.928) <0.001 
1990‒2004 ‒1.58 (‒11.653, ‒1.077) 0.87 
2006‒2017 22.87 (18.025, 37.75) <0.001 
Restricted group 3: Without ZWE, 
DOM, and HTI 
2002‒2004 7.02 (6.101, 9.923) 0.21 
2004 8.85 (8.108, 13.041) 0.21 
2006 15.15 (14.138, 22.887) 0.07 
2006‒2008 16.68 (14.787, 25.395) 0.14 
2017 27.90 (20.853, 40.718) 0.07 
1990‒2004 ‒1.19 (‒7.545, ‒1.086) 0.86 
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